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AB Thrombospondin is part of a family of adhesive glycoproteins and is 

involved in a number of physiologic processes such as angiogenesis and 

neurite outgrowth. Immunohistochemical localization of thrombospondin in 

normal human brains was investigated in the hippocampus and inferior 

temporal cortex. Two antibodies (one polyclonal and one 

monoclonal) against thrombospondin-labeled microvessels, glial 

cells, and a subpopulation of pyramidal neurons. The distribution of 

thrombospondin staining in patients with Alzheimer's disease was 

found to be comparable to control subjects. However, in patients with 

Alzheimer's disease a subset of pyramidal neurons that may be 

vulnerable in Alzheimer's disease exhibited decreased staining. 

This decrease in the intensity of labeling might constitute a marker for a 

neuronal population prone to early degeneration. In addition, 

thrombospondin staining was demonstrated in senile plaques in 

Alzheimer's disease. These results suggest that thrombospondin 

may be involved in the process of neuronal degeneration and senile plaque 

formation. 
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TI Viral Myc oncoproteins in infected fibroblasts down-modulate 

thrombospondin-1, a possible tumor suppressor gene. 
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AB We are interested in identifying the transcriptional targets of the Myc 

oncoproteins. To this end, we have fused Myc of the MC29 retrovirus with 
the rat glucocorticoid receptor. This chimeric protein requires 
dexamethasone to undergo nuclear translocation and achieve an active 
conformation. We employed a differential hybridization approach to 
identify mRNAs that are induced or repressed in infected avian fibroblasts 
in response to dexamethasone. This screen yielded one mRNA 
underrepresented in the dexamethasone -treated cells. In Myc -trans formed 
cell clones, its level decreases 6-fold as early as 4 h and more than 
30-fold after 32 h of exposure to the hormone. This mRNA was also 
down-regulated by recombinant Myc retroviruses in rodent fibroblasts, 
including those refractory to transformation. Sequence analysis revealed 
that it is homologous to the 3' untranslated regions of the 
maxmaalian thrombospondin-1 genes. Using an anti- 
thrombospondin antibody, we confirmed that rodent cells 

over expressing Myc produce very small amounts of this protein. Also, they 
do not support efficient expression of a reporter gene driven by the 
thrombospondin-1 promoter. Thus, thrombospondin-1 is a bona fide target 
of Myc. Moreover, its silencing might pertain to the transforming 
activity of Myc, since in several systems thrombospondin-1 exhibits tumor 
suppressor properties, presumably due to its negative effect on 
neovascularization. 
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Retinoids and vitamin D analogues are known to inhibit the proliferation 
of a variety of cells in culture and prevent the formation of certain 
tumors in mammals. Although it is well established that these 
hormones control the transcription of many genes upon binding to and 
activating specific nuclear receptors, the mechanisms by which they 
prevent cancer are as yet poorly understood. In this study the role of 
the transforming growth factor-beta (TGF-beta) growth inhibitors, in 
promoting the biological activities of all-trans-retinoic acid (RA) and 1 
alpha, 25 -dihydroxyvitamin D3 (1 , 25- (OH) 2D3) was studied in NRP-152 cells, 
a nontumorigenic epithelial line derived from rat dorsal -lateral prostate. 
Inhibition of growth by nanomolar concentrations of RA was associated with 
an increase in both mRNA and protein for all three TGF-beta isoforms, with 
greater and much earlier increases for TGF-beta s 2 and 3 (5.5 h) than for 
TGF-beta 1 (24 h) . A monoclonal antibody against TGF-beta and TGF-beta 1 
latency associated peptide (LAP) , both of which neutralize all three 
TGF-beta isoforms, each block the ability of RA to inhibit growth of 
NRP-152 cells by > 95%. Neutralization of growth inhibition by 
isoform-specif ic antibodies suggested that all three TGF-beta s are 
involved in this effect. The ability of RA to upregulate fibronectin and 
thrombospondin expression in NRP-152 cells was also blocked by the 
monoclonal antibody. 1 , 25- (OH) 2D3 , which also induced TGF-beta s 
2 and 3 but not TGF-beta 1, and their respective mRNAs, also induced 
fibronectin and thrombospondin through induction of TGF-beta. Thus, 
autocrine production of TGF-beta s may be a significant part of the 
mechanisms by which RA and l,25-(OH)2D3 promote cellular differentiation. 
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ADAMTS13 -deficient thrombotic thrombocytopenic purpura: a study of 11 
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AB Thrombotic thrombocytopenic purpura (TTP) is a life-threatening disease 
that occurs mainly in young adults. Acquired cases are usually a result 
of antibodies directed against ADAMTS13 (a disintegrin-like and 
metalloprotease [reprolysin type] with thrombospondin type 1 
motif 13), a protease that cleaves the von Willebrand factor multimers. 
Prognosis has been improved by plasma therapy, but some acute severe forms 
are refractory to this treatment and achieving a sustained remission is 
still a challenge in chronic relapsing fortns. We therefore conducted a 
multicentric open-label prospective trial to test the efficacy of 
rituximab, an anti-B-cell monoclonal antibody, as a curative and 
prophylactic treatment in patients with TTP as a result of anti-ADAJyiTS13 
antibodies. Six patients were included during an acute refractory TTP 
episode. Five patients with severe relapsing TTP and persistent 
anti-ADAMTS13 antibodies were prophylactically treated during remission. 
All patients received 4 weekly infusions of rituximab. The target of 
treatment was to restore a significant ADAMTS13 plasma activity (> 10%) . 
Treatment with rituximab led to clinical remission in all cases of acute 
refractory TTP. In all patients, anti-ADAMTS13 antibodies disappeared, 
and a significant (18%-75%) plasma ADAMTS13 activity was detected 
following treatment. Tolerance of rituximab was good. Rituximab is a 
promising first-line imm\anosuppressive treatment in patients with acute 
refractory and severe relapsing TTP related to anti-ADAMTS13 antibodies. 
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AB We selected ovarian cancer as being the most representative of the 

gynecologic malignancies since it has the largest number of tumor markers 
now in clinical use. First, variety of serum tumor markers were developed 
and regularly used to detect the existence of ovarian cancer and 
its stage. These markers of monoclonal antibodies could detect 
three different classes of cell surface antigen. CA 125, CA 130, CA 602 
are antibodies raised against the core protein of the proteoglycan 
molecule, whereas CA 19-9, CA 50, KMO-1 and CA 72-4, STN, CA 546 are 
antibodies against a different portion of the glycosaminoglycan chain from 
the core protein. These markers, when combined with another group of 
tumor markers for discriminating the variety of pathological types of 
ovarian cancer, might have the potential to provide a better predictive 
value. Second, biomarkers for the detection of early-stage 
ovarian cancer are urgently needed and developed also in gynecologic 
tumors. These include a ovarian cancer-specific proteomic patterns 
generated by mass spectroscopy and single nucleotide polymorphism (SNP) 
digital analysis combined with assessment of allelic imbalance. Third, 
for monitoring the effect of treatment with cytostatic drugs, various 
types of biomarkers could be used as surrogate markers for the treatment 
depending on the mechanism of the effects of the drug used. For treatment 
with Bryostatin, a strong protein kinase C (PKC) stimulator, PKC activity 
promises to be an effective marker. For the trials with bevacizumab, 
anti-VEGF antibody/ VEGF and its associated bFGF, CD-31, and 
thrombospondin-1 (TSP-l) , are leading candidates for monitoring 
markers . 
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AB Severe deficiency of the von Willebrand factor (VWF) -cleaving protease 

ADAMTS13 can lead to thrombotic thrombocytopenic purpura (TTP) , a disease 
associated with the widespread formation of platelet-rich thrombi in many 
organs. Autoantibodies that inactivate ADAMTS13 are the most frequent 
cause of acquired TTP. Little is known about epitope specificity and 
reactivity of anti-ADAMTS13 antibodies. In this study, a series of 
ADAMTS13 domains were expressed in Escherichia coli, and the reactivity of 
purified recombinant fragments with anti-ADAMTS13 auto-antibodies from 25 
patients with severe ADAMTS13 deficiency was evaluated in vitro. All TTP 
plasmas contained antibodies directed against the cysteine-rich spacer 
(cys-rich/spacer) domain of ADAMTS13 . In the plasma of 3 patients, 
antibodies were detected that reacted exclusively with the 
cys-rich/spacer domain, underscoring the importance of this region for 
functional activity of ADAMTS13 . In 64% of the plasmas. 



antibodies reacted with the 2 CUB domains, and in 56% they reacted 
with the isolated first thrombospondin type 1 (TSP-1) repeat and 
with the compound fragment consisting of the catalytic, the 
disintegrin-like, and the TSPl-1 domain. Less frequently, in 28% of the 
plasmas, antibodies reacted with the TSPl repeats 2 to 8 . Unexpectedly, 
antibodies reacted with the propeptide region in 20% of the plasmas. In 
conclusion, this study shows that even though anti-ADAMTS13 autoantibodies 
react with multiple domains of the protease, the cys- rich/spacer domain is 
consistently involved in antibody reactivity. 
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TI Antibody response of healthy adults to recombinant 

thrombospondin-related adhesive protein of Cryptosporidium 1 after 
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AB Thrombospondin-related adhesive protein of Cryptosporidium 1 (TRAP-Cl) 

belongs to a group of proteins that are also found in Toxoplasma gondii, 
Eimeria tenella, and Plasmodium species. TRAP-related proteins are needed 
for gliding motility, host-cell attachment, and invasion. The objective 
of this study was to characterize the antibody response to recombinant 
TRAP-Cl (rTRAP-Cl) in healthy volunteers exposed to C. parvum and their 
association with clinical illness. A total of 31 healthy adult volunteers 
participated. Seven volunteers received the C. parvum TAMU isolate 
(inocula, 10 to 300 oocysts) , and 24 volunteers received the C. parvum UCP 
isolate (500 to 10(5) oocysts). The total antibody (immunoglobulin M 
[IgM] , IgG, and IgA) response to rTRAP C-1 was measured by enzyme -linked 
immunosorbent assays prior to and after exposure to Cryptosporidium parvum 
(days 0 to 45) . Results of this study showed that individuals who were 
laninfected demonstrated higher reactivity at baseline compared to those 
who became infected. After challenge, increases in antibody reactivity 
were seen on days 30 and 45 compared to the results seen on days 0 to 5. 
The increases in antibody reactivity were statistically significant in 
subjects with diarrhea and with or without detectable oocysts 
compared to the results seen with those who were uninfected and 
asymptomatic. These findings suggest that increases in antibody 
reactivity to rTRAP-Cl occur after recent exposure to C. parvum. 
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AB OBJECTIVE: To investigate the potential use of fluorescent -labeled annexin 

V, ant i -human fibrinogen antibody, and ant i -human 

thrombospondin antibody for detection of the 

activation of equine platelets by use of flow cytometry. SAMPLE 
POPULATION: Platelets obtained from 6 Thoroughbreds. PROCEDURE: Flow 
cytometry was used to assess platelet activation as indicated by 
detection of binding of fluorescent -labeled annexin V, anti-human 
fibrinogen antibody/ and ant i- thrombospondin 

antibody to imactivated and ADP-, collagen-, platelet activating 
factor (PAF)-, and A23187-activated equine platelets. Human platelets 
were used as control samples. Determination of 14C-serotonin uptake and 
release was used to assess the extent of platelet secretion. RESULTS: 
Ant i -human thrombospondin antibody failed to bind to 

equine platelets. Annexin V bovmd to platelets activated with PAF or 
A23187 when platelets had undergone secretion. Anti-human fibrinogen 
antibody bound to ADP-, PAF-, and A23817-activated platelets, but binding 
was not dependent on platelet secretion. The extent of binding of 
anti- fibrinogen antibody was less in equine platelets, compared with that 
for human platelets, despite maximal stimulation. CONCLUSIONS AND 
CLINICAL RELEVANCE: Activation of equine platelets can be detected 
by use of fluorescent -labeled annexin V and anti -human fibrinogen 
antibody but not by use of anti -human thrombospondin 
antibody. These flow cytometric techniques have the potential for 
detection of in vivo platelet activation in horses at risk of 
developing thrombotic disorders. 
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AB A novel enzyme immunoassay for plasma thrombospondin (TSP) based 
on commercially available monoclonal antibodies was established. 
The following conditions for correct collection and preservation of 
blood samples were required: venipuncture directly into a 
vacutainer containing citrate, theophylline, adenosine and dipyridamole, 
storage on ice, and separation of plasma within 30 minutes. Thereafter, 



the plasma TSP concentration remained constant at room temperature and 
after five times of freezing and thawing. Both inter- and intraassay 
variation coefficients were 5%. The lower detection limit was 
20 microg/L. Median TSP concentration among 40 healthy blood 
donors was 43 microg/L, slightly lower than previously published. The 
assay is valid, reliable, and has certain advantages compared with 
previously published methods. TSP and beta-thromboglobulin (BTG) were 
then compared as platelet activation and biocompatibility markers in vivo: 
23 patients undergoing cardiopulmonary bypass (CPB) ; and in vitro: effect 
of coating polyvinyl chloride with heparin. The kinetic patterns of TSP 
and BTG were markedly different in vivo but virtually identical in vitro, 
explained by different in vivo clearance mechanisms during CPB. We 
conclude that BTG is superior to TSP for evaluation of platelet activation 
during in vivo CPB, whereas TSP and BTG are virtually identical as markers 
in vitro. 
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a perfusion model. 
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AB OBJECTIVES: to compare the exposure of plasma proteins adsorbed onto three 
vascular graft materials (polytetraf luoroethylene ePTFE and two 
modifications of polyethyleneterephthalate Dacron) . METHODS: surface 
exposure of fibronectin, vitronectin, thrombospondin, 
antithrombin III, IgG, high molecular-weight kininogen, fibrinogen, 
albumin and plasminogen was studied by incubation with radiolabelled 
antibodies in a perfusion model. Perfusion times with human 
plasma were 1, 4, 24 and 48 hours. RESULTS: all proteins could be 
detected at 1, 4, 24 and 48 hours after the start of perfusion. 
Overall, the least amount of proteins adsorbed onto ePTFE. CONCLUSIONS: 
the low adsorption of proteins onto ePTFE may be one of the reasons for 
the lower incidence of infections reported with this material. 
Copyright 2 000 Harcourt Publishers Ltd. 

L7 ANSWER 8 OF 29 MEDLINE on STN 

AN 1999223162 MEDLINE 
DN PubMed ID: 10208463 

TI Inactivation of the PTEN tumor suppressor gene is associated with 
increased angiogenesis in clinically localized prostate carcinoma. 
AU Giri D; Ittmann M 

CS Department of Pathology, Baylor College of Medicine, and Houston 
Department of Veterans Affairs Medical Center, TX 77030, USA. 

SO Human pathology, (1999 Apr) 30 (4) 419-24. 
Journal code: 9421547. ISSN: 0046-8177. 

CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 



EM 199904 

ED Entered STN: 19990511 

Last Updated on STN: 19990511 
Entered Medline: 19990427 

AB The PTEN tumor suppressor gene encodes a dual-specificity protein 

phosphatase that may play a key role in modulating integrin-mediated 
signals. Inactivation of the PTEN gene has been detected in a 
small percentage of clinically localized prostate cancers but is common in 
metastatic disease. It has been shown in glioblastoma cell lines that 
loss of chromosome lOq, where the PTEN gene is located, is associated with 
increased angiogenic activity in the conditioned medium attributable to 
downregulation of thrombospondin-1, a negative regulator of angiogenesis . 
Therefore, we wished to determine whether inactivation of PTEN might be 
associated with increased angiogenesis in prostate cancers, because 
increased angiogenesis in localized cancers is associated with development 
of metastatic disease. Angiogenesis was assessed by counting microvessels 
in areas of maximal neovascularization after immunostaining with 
anti-factor Vlll-related antigen antibodies in eight cases with proven 
homozygous deletion of the PTEN gene and 24 control cases. There was a 
statistically significant correlation between PTEN inactivation and 
increased microvessel counts. The microvessel density was higher at all 
Gleason scores in the cases with PTEN inactivation compared with control 
cases with the same score. To determine whether the increased 
angiogenesis in cases with PTEN inactivation was caused by downregulation 
of expression of the angiogenesis inhibitor thrombospondin-l , we 
analyzed a siobset of the cases by immunostaining with anti- 
thrombospondin-l antibody* Approximately 25% of cases 
showed decreased staining of prostate cancer cells, but there was no 
correlation with PTEN inactivation. Thus, PTEN inactivation is associated 
with increased angiogenesis, but the increased angiogenesis is not 
attributable to downregulation of thrombospondin-l expression. 
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AB BACKGROUND: The abnormal adherence of sickle red blood cells 

(sRBC) to other cell types likely contributes to vaso-occlusion. 
Increased numbers of platelet-erythrocyte aggregates (PEA) and platelet 
activation have been described in sickle cell disease. The present study 
was undertaken to determine the contribution, if any, of the extracellular 
matrix protein thrombospondin to the adhesion of sRBC and platelets, 
METHODS: Platelet activation and PEA were measured using 
fluorescent-labeled monoclonal antibodies and flow cytometry. Platelet 
red-cell adhesion was measured by a gravity sedimentation assay. 
Erythrocyte-boiind thrombospondin (TSP) was determined by enzyme- linked 
immunoabsorbant assay (ELISA) . RESULTS: Our studies demonstrate 
significant platelet activation and adhesion of sRBC to platelets in 
sickle cell disease.' Thrombospondin was detected on sRBC. 



There was variable inhibition of sRBC-platelet adhesion by 
antibodies to CD36 ( thrombospondin receptor) and 
antibodies to thrombospondin. CONCLUSIONS: 

Thrombospondin on sRBC may mediate, at least in part, sRBC-platelet 
adhesion in sickle cell disease. The study of heterotypic cell-cell 
interactions is important in understanding the pathogenesis of 
vaso-occlusion in sickle cell disease. 
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AB The oral cavity represents a unique site for mucosal transmission of human 
immunodeficiency virus type 1 (HIV-1) . Unlike other mucosal sites, the 
oral cavity is rarely a site of HIV transmission despite 
detectable virus in saliva and oropharyngeal tissues of infected 
persons. One reason for this apparent paradox is the presence of 
endogenous mucosal antiviral factors. Innate inhibitory molecules, such 
as virus-specific antibodies/ mucins, thrombospondin, 

and soluble proteins, have been identified and partially characterized 
from saliva. A recent addition to the growing list is secretory leukocyte 
protease inhibitor (SLPI) , an approximately 12-kDa non-glycosylated 
protein found in serous secretions. Physiologic concentrations of SLPI 
potently protect adherent monocytes and activated peripheral blood 
mononuclear cells against HIV-1 infection. SLPI levels in saliva and 
semen but not breast milk approximate levels required for inhibition in 
vitro. Characterization of SLPI and other endogenous antiviral molecules 
may enhance our understanding of factors influencing mucosal HIV-1 
transmission. 
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AB Platelet activation plays a central role in acute arterial stenosis as has 
been shown in coronary heart disease. Likewise it can be assumed to be of 
importance in the evolution of acute cerebral ischemia (ACI) , particularly 
in patients with large vessel disease. Flow cytometric detection 
of platelet adhesion molecules as a marker of platelet activation in a 
group of patients with ACI and different etiologies has not been 
evaluated. In 72 patients with ACI and 72 controls, the exposure of 
activation-dependent adhesion molecules was determined using flow 
cytometry after immunostaining with monoclonal antibodies 
against CD 62, CD 63 and thrombospondin. The extent of platelet 
activation differed as a function of the etiology of ACI: platelets from 
patients with atherosclerosis of bra in- supplying arteries expressed 
significantly more activation markers than did controls, whereas patients 
with cardioembolic stroke did not. By analyzing platelet adhesion 
molecules it is possible to describe platelet activation profiles in 
patients with acute cerebral ischemia. This diagnostic procedure will be 
useful for monitoring individualized anti-platelet therapy and may enable 
distinguishing different subgroups of stroke patients. 
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AB OBJECTIVE: To establish the existence of platelet-derived proteins in 
equine plasma, with the future goal of developing an assay for the 
detection of in vivo platelet activation. ANIMALS: 5 mature 
healthy horses. PROCEDURE: Platelet-rich plasma and platelet -poor plasma 
were prepared from anticoagulated blood. Platelets were 
separated from plasma proteins by gel filtration, then activated with 0.5 
microM platelet-activating factor. Protease inhibitors were added, and 
the released platelet proteins were harvested. Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis was performed on the released 
platelet proteins and platelet -poor plasma, and the resultant 
silver-stained bands were compared. Immunoblot analysis was performed on 
released platelet proteins, using an antibody to human 
thrombospondin; human platelet -derived proteins served as the 
positive control for the antibody. RESULTS: Released platelet 
proteins in the presence of beta-mercaptoethanol (reduced samples) 
contained several proteins that were not observed in plasma including 
(mean +/- SEM) 194 +/- 2, 159 +/- 2, 151 +/- 2, 104 +/- 2, and 95 +/- 1 
kd. Immunoblots of released platelet proteins had a prominent 180 +/- 
2-kd protein in reduced samples that was recognized by an antibody 
to human thrombospondin, and with prolonged color development, 2 
additional less prominent proteins (166 +/- 1 and 155 +/- 1 kd) were 
observed. CONCLUSIONS: Several proteins are released from activated 
equine platelets that are not detectable in normal equine 



plasma. Thrombospondin is one of the high molecular mass proteins 
released by activated equine platelets. CLINICAL RELEVANCE: An assay can 
be developed for detection of thrombospondin in equine plasma 
and may be useful for detection of in vivo platelet activation 
in horses. 
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AB Scatter factor (SF) (also known as hepatocyte growth factor) is a 
plasminogen-related growth factor that induces tumor cell motility, 
invasion, and angiogenesis. Its receptor is a tyrosine kinase encoded by 
c-met, a protooncogene. Human breast cancer cells express SF and c-met in 
vivo; but human breast cancer cell lines do not produce SF in vitro. To 
determine whether SF can modulate the in vivo growth of human breast 
cancers within a natural mammary environment, we studied the orthotopic 
growth of SF-transf ected (SF+) versus control (SF-) clones of MDAMB231 
human mammary carcinoma cells in the mammary fat pads of a thymic nude 
mice. SF+ clones expressed SF mRNA and produced very high titers of SF 
protein, whereas SF- clones did not express SF mRNA or produce 
detectable SF protein. Two SF+ clones (21 and 29) showed 
significantly increased tumor growth rates, reaching 3- to 4 -fold larger 
primary tumor volumes and weights by time of killing (p < 0.001), as well 
as higher rates of axillary lymph node metastasis (p < 0.02), as compared 
with two SF- clones (32 and 34) . In contrast, in vitro proliferation 
rates, two-dimensional colony formation, and soft agar colony formation 
were no greater in SF+ than in SF- clones. We performed further studies 
to investigate the discrepancy between the in vivo and in vitro growth 
results. Tumor extracts from SF+ clone (21 + 29) tumors had 50-fold 
higher SF content than did SF- clone (32 + 34) tumors, confirming 
high-level SF expression in vivo in SF+ tumors. Immunostaining of tumor 
sections for proliferating cell nuclear antigen revealed only a modest 
increase in the proportion of cycling cells in SF+ versus SF- tumors (70% 
versus 60%, respectively) . The terminal deoxytransf erase -labeling index 
was equally low (approximately 1%) in SF+ and SF- tumors, suggesting that 
apoptosis was not responsible for the slower growth of SF- tumors. 
However, SF+ tumors had significantly higher tumor microvessel densities 
than SF- tumors (p < 0.001). Moreover, there were much higher titers of 
chemotactic activity for microvascular endothelial cells in 
cell -conditioned media and primary tumor extracts from SF+ clones as 
compared with SF- clones. As demonstrated using the rat cornea assay, 
there was more angiogenic activity in SF+ tumor extracts than in SF- 
extracts. The increased chemotactic and angiogenic activities in SF+ 



tumor extracts were not explained by secondary alterations in the content 
of the angiogenic mediator, vascular endothelial growth factor, or the 
antiangiogenic glycoprotein, thronbospondin-l; and those 
activities were neutralized using an anti-SF monoclonal antibody 

These findings suggest that SF promotes the orthotopic growth of human 
breast cancers, at least in part, by stimulating tumor angiogenesis . 
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AB The initial reactions of two Ti02 surfaces with blood were 
investigated by short-time exposure to capillary blood and 
analysis of surface-adsorbed plasma proteins and surface-adhering cells by 
using immunofluorescence techniques. Antibodies directed against platelet 
membrane antigen and P-selectin were used to visualize platelet adhesion 
and activation. Acridine orange and anti-CDllb were used to 
detect adhesion and activation of polymorphonuclear granulocytes 
(PMNs) . Antibodies against thrombospondin were used 

as markers for platelet alpha -granul es . The fluorescence intensity was 
quantitated by computer-aided image analysis. Commercially pure, polished 
sheet titanium was oxidized in two different ways: (1) the natural oxide 
was dissolved with hydrofluoric acid and a new oxide layer was grown by 
oxidation in nitric acid, or (2) annealing was performed at 700 degrees C 
in air. Auger electron spectroscopy and x-ray photoelectron spectroscopy 
showed that both surfaces had similar composition consisting of Ti02 
covered by a carbonaceous surface contamination layer. The thickness of 
the oxide layer was 4 nm on the acid-oxidized surface and 39 nm on the 
annealed surface. Optical profilometry and scanning electron microscopy 
showed that the acid-oxidized surface was rough and the annealed surface 
was smooth. The fibrinogen/prothrombin- thrombin ratio in the initial 
protein film differed between the surfaces. The number of adhering 
platelets was larger at the surface with a high surface concentration of 
adsorbed fibrinogen. Platelet activation (CD62) and priming of PMNs (CD 
lib) were also significantly higher on the acid-oxidized surface. The 
results indicate that non-self recognition of biomaterials is an array of 
transient reactions comprising protein-material, protein-cell, and 
cell-cell interactions . 
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AB Natural killer cells (NK) were studied to determine factors important in 
their expansion. Flourescence-activated cell sorter (FACS) purified 
CD56+/CD3- NK cells cultured alone for 18 days in rIL-2 containing medium 
(1,000 U/mL) showed enhanced cytotoxicity but only minimal expansion. NK 
expansion was increased (12.5 h-/- 1.6-fold) by coculturing NK with soluble 
factors produced by irradiated peripheral blood mononuclear 
cells (PBMNC) in which the two populations were separated by a microporous 
membrane. However, maximal NK expansion was always observed when NK were 
cocultured in direct contact with irradiated PBMNC (49.4 +/- 5.9-fold). 
To determine if marrow stroma, which supports differentiation of primitive 
NK progenitors, was a better accessory cell population than irradiated 
PBMNC, NK were cocultured in direct contact with primary marrow stromal 
layers. NK expansion with marrow stroma was similar to PBMNC. Fibroblast 
cell lines (M2-10B4, NRK-49F, NIH-3T3) and human umbilical vein 
endothelial cells (HUVEC) , all homogeneous populations and devoid of 
monocytes, also exhibited a similar contact -dependent increase in NK 
expansion. Experiments were designed using fixed M2-10B4 stromal cells to 
separate the contact -induced proliferative stimuli from sol\able factors. 
NK plated directly on ethanol/acetic acid-fixed M2-10B4, which leaves 
stromal ligands (cell membrane components and ECM) intact, resulted in 
increased NK expansion compared with medium alone. We further show that 
the combination of independent contact and soluble factors is responsible 
for maximal late NK expansion (days 28 through 40) but paradoxically 
inhibits early NK expansion (day 7) . The proliferation inhibitory effects 
were verified by 3H-thymidine uptake and could be detected at 
days 2 through 6 but no longer 14 days after the initiation of the 
culture. We show that both laminin and thrombospondin inhibit early NK 
proliferation, whereas only thrombospondin was capable of also stimulating 
late NK expansion. The effect of thrombospondin on early NK proliferation 
is related to activation of transforming growth factor-beta 1 (TGF-beta) 
because anti-TGF-beta neutralizing antibody completely abrogated 
thrombospondin-mediated inhibition of early NK proliferation. 
Although inhibitory early in culture, active TGF-beta added only at 
culture initiation increases late NK expansion similar to thrombospondin. 
TGF-beta was not present in the thrombospondin preparation but latent 
TGF-beta in serum, or TGF-beta transcripts identified in IL-2-activated NK 
could explain paracrine or autocrine mechanisms for the regulation of NK 
proliferation. Finally, anti-TGF-beta neutralizing antibody 
only minimally affects stroma-mediated inhibition of early NK 
proliferation suggesting that aside from thrombospondin 

/TGF-beta, additional contact factors are important for the regulation of 
NK proliferation. 
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AB We report herein the characterization of a mouse monoclonal 
antibody (Mab) raised against the recombinant NH2 -terminal 
hepar in-binding domain (rHBD) of human endothelial cell 
thrombospondin (TSP) . The antibody, a IgGl (kappa) , hereafter 
referred to as V58A4, reacted with two rHBD, TSPN18 and TSPN28 (i.e. 18 
kDa and 28 kDa, respectively) with an affinity constant of 1.33 x 10 (-8) 
M. However, V58A4 failed to recognize native or deglycosylated forms of 
TSP purified from platelets or endothelial cells, as well as a 25-30 kDa 
HBD fragment produced by limited proteolysis of native TSP. In contrast, 
Mab V58A4 was shown to react with larger HBD fragments (50-60 kDa) that 
were present in platelet or endothelial cell extracts and could be 
retained on a heparin-Sepharose column at low salt concentrations. These 
fragments also reacted with MA-II, a mouse Mab (IgGl), which recognizes 
both rHBD and HBD as well as intact TSP. Thus, V58A4 Mab appears to 
selectively recognize naturally occurring HBD fragments of TSP and may 
thus prove to be useful for detecting TSP proteolysis in situ 
\inder various physiopathological conditions. 
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AB The abnormal adherence of red blood cells, especially 

circulating reticulocytes (erythrocyte precursors) , to the endothelium is 

believed to contribute to vascular occlusion observed in patients with 

sickle cell disease. Although several plasma proteins including von 

Willebrand factor and fibronectin have been proposed to mediate this 

adhesion, the mechanism of sickle cell adhesion to the endothelium remains 

unknown. Using flow cytometry, we screened sickle red blood 

cells with monoclonal antibodies (MoAbs) against 3aiown adhesion receptors 

and detected integrin s\ibunits alpha 4 and beta 1 and the 

nonintegrin glycoprotein IV on reticulocytes but not on erythrocytes. No 

reactivity was detected against integrin subunits alpha 2, alpha 

3, alpha 5, alpha 6, alpha v, beta 2, beta 3, integrin alpha lib beta 3, 

or the nonintegrin glycoprotein lb. Immunoprecipitation of reticulocytes 

with either alpha 4- or beta 1-specific antibodies identified the alpha 4 



beta 1 complex (alpha 4(70) and alpha 4(80) forms), a receptor for 
fibronectin and vascular cell adhesion molecule-1. An antibody 
against glycoprotein IV, a receptor reported to bind 
thrombospondin and collagen, immunoprecipitated an 88-kD protein 
consistent with its reported M(r) . MoAbs against alpha 4 and glycoprotein 
IV bound to an average of 4,600 and 17,500 sites per reticulocyte, 
respectively. Identification of alpha 4 beta 1 and glycoprotein IV on 
reticulocytes suggests both plasma -dependent and independent mechanisms of 
reticulocyte adhesion to endothelium and exposed extracellular matrix. 
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AB Tenascin and thrombospondin belong to the growing family of extracellular 
matrix glycoproteins believed to have an anti-adhesive function during 
development. Immunohistochemistry has been used to identify these 
proteins in the developing central nervous system, in the matrix 
surrounding peripheral neurons, and in connective tissue. The 
antibodies used in most of these studies, however, could not 
distinguish between different splice variants (tenascin) nor different 
genetic forms (thrombospondin) . For this reason, we used the 
reverse transcriptase polymerase chain reaction to generate DNA probes 
that are specific to the transcripts of high M(r) tenascin and 
thrombospondin 2. These probes were then used for an in situ 
hybridization study to determine the cellular origins of specific tenascin 
and thrombospondin forms throughout the development of the chick. The 
mRNA encoding high M(r) tenascin was found associated with motile cells 
and in tissues undergoing dynamic modeling: migrating glia, epithelial 
glia used as a substratum for migrating neurons, the growing tips of lung 
buds, and during osteogenesis. In contrast, the mRNAs of low M(r) 
tenascin were concentrated in areas of cartilage deposition and 
chondrocyte proliferation. Thrombospondin 2 mRNA was not detected 
in the developing central nervous system at any time during development by 
in situ hybridization. In contrast, it was found in embryonic mesenchyme, 
perichondrium, epimysium, and endothelial cells. Thrombospondin 2 mRNA 
was detected in poly (A) RNA isolated from embryonic spinal cord 
and cerebellum by polymerase chain reaction, though it was not 
detected in poly (A) RNA from the avascular retina. Thus, 

thrombospondin 2 mRNA may be present in the developing brain at low levels 
in endothelial cells or blood cells. These data support the 
notion that tenascin splice variants have distinct roles during 
development, and that thrombospondin 2 is more likely to be playing a role 
associated with the morphogenesis of connective tissue than neuronal 
development . 
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AB CD36 (glycoprotein [GP] IV) is a membrane GP of 88 kD found on monocytes, 

endothelial cells, and platelets. It may serve as a receptor for collagen 

and is also able to bind thrombospondin (TSP) , because a 

monoclonal antibody to CD36 inhibits TSP binding to 

thrombin-stimulated platelets. In the following study, we investigated 
the subcellular distribution of CD36 within normal resting platelets, 
thrombin-stimulated platelets, and in cultured megakaryocytes (MK) by an 
immunogold staining technique and electron microscopy. We used an 
affinity-purified monospecific polyclonal antibody showing a single major 
band of precipitation at 88 kD via immunoblot analysis. In normal 
platelets, ultrastructural observation detected immunolabeling 
for CD36, homogeneously distributed along the platelet plasma membrane and 
in the luminal side of the open canalicular system (OCS) . Moreover, some 
labeling was foiind around the alpha -granules along the inner face of their 
limiting membrane. An average of 70% of granules were labeled. The 
granule-associated pool of CD36 was estimated at approximately 25% of the 
total cell content. To exclude the possibility of a cross -reaction with 
GPIIb-IIIa, platelets from a patient with type I Glanzmann's 
thrombasthenia (which completely lack GPIIb-IIIa) were studied and showed 
a similar subcellular distribution of CD36, including alpha-granule 
membrane labeling. In activated platelets, CD36 was shown to be 
redistributed to the OCS and pseudopods of the plasma membrane. Platelets 
from a patient with the Gray platelet syndrome expressed CD36 on their 
plasma membrane, and some immunolabeling was also found within small 
abnormal alpha-granules. In cultured MK, CD36 immunolabeling was 
detected in the Golgi saccules, associated vesicles, immature 
alpha -granules, and demarcation membranes. In conclusion, this study 
shows the existence of a significant intragranular pool of CD36 in 
platelets that may play a critical role in the surface expression of 
alpha-granule TSP during platelet activation. 
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AB In the past several years, monoclonal antibodies have been developed that 
distinguish between resting and activated platelets in vitro. These 
antibodies recognize epitopes expressed on membrane proteins or 
sellable proteins, such as factor Xllla and thrombospondin/ that 
bind only to activated platelets. We have used fluorescence flow 
cytometry to determine whether three such antibodies can detect 
platelet activation in patients with severe peripheral vascular disease 
(PVD) , Using two activation-specific monoclonal antibodies and a 
polyclonal antiserum to factor XIII a-chain, we have examined the 
platelets from PVD patients, age-matched control subjects who were free of 
detectable PVD, and unmatched control subjects. Cells analyzed as 
platelets were identified by their light-scatter profile and their 
reactivity with monoclonal ant i -glycoprotein lb. The platelets of 
patients with PVD showed no increase in binding of activation-dependent 
1B3 (directed against a 180-kD membrane protein) compared with age-matched 
control subjects (p = 0.780). Similarly, there was no difference between 
PVD patients and control subjects in activation-dependent CD63 expression. 
Conversely, the binding of anti-factor XIII a-chain was significantly 
higher than in the control groups (p < 0.001). These data suggest that 
the detection of soluble factors that bind to activated but not 
resting platelets may be of use in the detection of pathological 
in vivo platelet activation. 
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AB The role of glycoprotein (GP) I lb- Ilia complexes and of adhesive proteins 
in mediating platelet aggregation is now well defined. However, less is 
known of the changes that occur once aggregation has begun. We report 
immunogold staining of thin sections of platelets or platelet aggregates, 
embedded in Lowicryl K4M, after the use of polyclonal antibodies 
to GP lib or GP Ilia, fibrinogen (Fg) , von Willebrand factor (vWF) , and 
thrombospondin (TSP) . Bound immunoglobulin G (IgG) was located by 
species-specific anti-IgG coupled to 5-nm gold particles and by electron 
microscopy. Initial experiments with platelet-rich plasma confirmed the 
feasibility of visualizing adhesive proteins between platelets in 
aggregates. Experiments then continued, using stirred suspensions of 
washed platelets incubated with alpha -thrombin. After 2 0 seconds, 
platelets were in contact without detectable release, although 
giant secretory vesicles containing adhesive proteins were seen. Internal 
pools of GP Ilb-IIIa were progressively externalized within the aggregate. 
Secreted Fg was readily detected between platelets at 4 0 

seconds. After 3 minutes, when most of the secretion had occurred, Fg had 
a patchwork-like distribution within the aggregate. After 6 minutes, 
zones with closely interspaced surface membranes, usually representing 
pseudopods, were dominant and Fg free. Results for vWF and TSP were 



similar to those for Fg. Nonetheless, GP I lb- I I la complexes continued to 
be located between adjacent surface membranes throughout the aggregate. 
Thrombin- induced platelet aggregates were isolated, and sodium dodecyl 
sulfate-soluble extracts were obtained. Western blot experiments showed 
that, although f ibrinopeptide A had been cleaved, degradation of adhesive 
proteins by platelet proteases had not occurred. These results emphasize 
that a platelet aggregate is a dynamic structure and suggest that not all 
surface-contact interactions are mediated by Fg or the other adhesive 
proteins tested in this study. 
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AB Platelet activation in patients with myeloproliferative disorders is often 
suggested by increased platelet alpha-granule secretion and an acquired 
storage pool defect of dense granules. To determine whether activated 
platelets circulate in patients with chronic myeloproliferative disorders, 
we evaluated the binding of monoclonal antibodies against 
activation-dependent epitopes on resting platelets (P 12, CD 63, and CD 
62) in 12 patients with prominent megakaryocytic proliferation (8 patients 
with essential thrombocythemia , 2 with chronic myeloid leukemia, and 2 
patients with polycythemia rubra vera) . In addition, platelet aggregation 
in response to collagen, adenosine diphosphate, platelet activating 
factor, and agglutination with ristocetin was investigated. In 3 patients 
there was an increased percentage of platelets binding at least 1 
activation marker. In 2 other patients, a trend towards increased 
antibody binding was observed. Binding of the antibody to 
thrombospondin (P 12) was related to expression of the GMP 140 
protein (CD 62, r = 0.76, p = 0.004). There was no correlation of 
platelet aggregation defects in vitro to increased expression of platelet 
activation markers or to thrombohaemorrhagic complications. However, 
circulating activated platelets were detected in three out of 
five patients with a history of bleeding or thrombotic complications. The 
results of this preliminary study suggest that some but not all patients 
with myeloproliferative disorders showed increased amounts of circulating 
activated platelets. The relation of bleeding and thrombotic 
complications to the expression of activation-dependent epitopes on 
platelets in myeloproliferative disorders requires further investigation. 
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TI Flow-cytometric detection of surface membrane alterations and 

concomitant changes in the cytoskeletal actin status of activated 
platelets . 
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AB Occlusive vascular diseases are promoted by a "prethrombotic state" with 
increased platelet activity. Polymerization of cytoskeletal proteins and 
exposure of siibcellular structures or rebinding of secreted proteins have 
been characterized as early reactions after platelet activation preceding 
adhesion and aggregation. Here, we demonstrate the kinetic increase in 
specific binding of monoclonal antibodies to 

thrombospondin (PIO) and to platelet membrane activation markers 
CD63 (GP53, a 53 kD lysosomal protein) and CD62 (GMP140, a 140 kD alpha 
granule protein) by using a f low-cytometric bio-assay and the related 
change in the actin status by using the DNase-I inhibition assay after 
stimulation of normal human platelets with 0.2 U/ml thrombin. F-actin was 
raised from 41% to 51% of total platelet actin content 30 s after 
stimulation and remained thereafter constant (50% at 60 s) . 
Simultaneously, the percentage of PIO, CD63, and CD62 positive platelets 
was elevated from 5.4%, 24.4%, and 9.1% to 67.4%, 80.2%, and 82.3% 
respectively. The mean number of PIO, CD63, and CD62 antibody binding 
sites increased from 3,300, 1,715, and 2,146 to 6,400, 6,800, and 9,016 
per platelet. Conclusively, changes in the organization of the 
cytoskeletal protein "actin" and exposure of subcellular structures 
indicating platelet secretion can be regarded as markers of early platelet 
activation. Thus, the parallel response in both analytical systems 
provides further support for the diagnostic concept of f low-cytometric 
detection of preactivated platelets in the peripheral 
blood by using fluochrome staining procedures detecting 
activation dependent structural alterations directly at the cellular 
level . 
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TI Immune -complex vasculitis: role of complement and IgG-Fc receptor 
functions . 
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AB Vasculitis contributes a major component to the pathogenesis of rheumatic 
diseases and glomerulonephritis. A common feature of these diseases is 
the presence of serum immune complexes (IC) which may be deposited in 
blood vessel walls. The modification of the size and solubility 
of IC by the classical and alternative complement pathways, and the recent 



demonstration of the role of cellular complement receptors and IgG-Fc 

receptors in the handling of IC, now allow a better ijnderstanding of the 

pathogenesis of the severe forms of vasculitis. When complement 

deficiencies are present, the handling of IC is impaired, and vasculitis 

results- New blood tests for Factor VIII -related antigen, 

alkaline ribonuclease, plasma thrombospondin, and 

ant i -neutrophil cytoplasmic antibody correlate with the presence 

of selected types of vasculitis. In addition, tissue thromboplastin 

release after application of defined tourniquet pressure can also 

detect subtle blood vessel injury. These new tests may 

allow diagnosis without risky organ biopsies. Advances in the diagnosis 
and treatment of vasculitis will also be discussed. 
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AB The radiolabelled monoclonal antibody, 5G11, directed against 

native thrombospondin, has been used to assess the surface 

expression of secreted thrombospondin on human blood 

platelets. Emphasis has been placed on studying the role of fibrinogen in 
this process. Unstimulated platelets bound low amounts of 5G11 (about 
2000 molecules /platelet) . Binding increased 2-fold and 5-7-fold after 
stimulation of platelets with ADP or thrombin (or ionophore A23187) 
respectively. Unstimulated platelets from patients deficient in 
alpha-granule proteins (gray platelet syndrome) bound baseline levels of 
5G11. However, binding was not increased after activation. 
Thrombospondin expression on thrombin-stimulated normal platelets was for 
a large part divalent -cation-dependent and was not affected by AP-2, a 
monoclonal antibody to GPIIb-IIIa complexes. However, binding of 5G11 was 
some 50% lower when platelets were stimulated in the presence of Fab 
fragments of a polyclonal rabbit antibody to fibrinogen. This suggested 
either a direct binding of thrombospondin to surface-bound fibrinogen or a 
steric inhibition due to a close proximity of the two proteins. The fact 
that binding of 5G11 was at the lower limit of the normal range to the- 
stimulated platelets of an af ibrinogenaemic patient specifically lacking 
detectable fibrinogen favoured the latter explanation. Thus, a 
major fibrinogen- independent pathway for thrombospondin expression must 
exist . 
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TI Structural and immunological comparison of human thrombospondins isolated 
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fibroblasts. Evidence for a thrombospondin polymorphism. 
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AB Thrombospondin is a 450-kDa glycoprotein secreted by a variety of cells 
including endothelial cells, fibroblasts and platelets. The aim of this 
study was to compare the structural and immunological properties of human 
endothelial, fibroblast and platelet thrombospondins . All three 
throrabospondins were purified, digested with thermolysin, and the 
subsequent thermolys in-generated fragments isolated on a Superose 12 
gel -permeation column using non-denaturating conditions. Each isolated 
proteolytic fragment of thrombospondins was then 
detected using either a radioimmunoassay with a polyclonal 
antibody or an enzyme- linked immunosorbent assay with three 
monoclonal antibodies (PIO, MA- I, MA- II) directed against 
different epitopes of whole platelet thrombospondin. The 
fragmentation pattern of human endothelial thrombospondin consists of six 
major thermolysin-generated fragments (135-110, 98-82, 54-47, 25-20, 18-15 
and 10 kDa) having molecular masses very similar to those observed with 
human fibroblast thrombospondin (115-100, 92-80, 54-49, 27-21, 17-13 and 
12-10 kDa) . Treatment of platelet thrombospondin with thermolysin only 
generated four proteolytic fragments having molecular masses of 110, 50, 
25 and 12/10 kDa respectively. All these proteolytic fragments of 
endothelial, fibroblast and platelet thrombospondins were 
recognized by a polyclonal antibody. Monoclonal antibodies MA-I 
and PIO essentially recognized two proteolytic fragments (135-110, 98-82 
kDa) of endothelial and fibroblast (115-100, 92-80 kDa) thrombospondins, 
and the 110-kDa fragment of platelet thrombospondin. Monoclonal antibody 
MA-II recognized three proteolytic fragments (54-47, 25-20, 18-15 kDa) of 
endothelial and fibroblast (54-49, 27-21, 17-13 kDa) thrombospondins, and 
two fragments (50, 25 kDa) of platelet thrombospondin, different from 
those detected by PIO an MA-I. The results clearly demonstrate 
that, under non-denaturating conditions, endothelial and fibroblast 
thrombospondins are structurally different from platelet thrombospondin 
since two fragments of endothelial thrombospondin (98-82, 18-15 kDa), 
equivalent to those of fibroblast thrombospondin (92-80, 17-13 kDa), are 
not released from platelet thrombospondin after thermolysin treatment. 
These three forms of thrombospondin are, however, immunologically 
indistinguishable. To investigate further the structural differences 
observed between platelet and the two other forms of thrombospondin, their 
degree of polymerization was compared. Prior to thermolysin treatment, 
the three forms of thrombospondin were separated into several oligomers 
ranging from 450 kDa to 3300 kDa when injected onto a Superose 6 
gel -permeation column. (ABSTRACT TRUNCATED AT 400 WORDS) 
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AB Essential thrombocythemia is a myeloproliferative disorder characterized 
by frequent bleeding and thrombotic complications. On a molecular level, 
two abnormalities of platelet thrombospondin have been identified: 
abnormal glycosylation of the intact 185, 000-dalton chain has been 
detected and a shortened form of the thrombospondin chain is 
present. We have used two monoclonal antibodies and Lens 
culinaris lectin to probe the structure of thrombospondin in the 
platelets from three patients with essential thrombocythemia; one patient 
with polycythemia vera and two patients with secondary thrombocytosis. 
The presence of abnormal thrombospondin fragments with molecular weights 
of 160,000 and 30,000 was detected in the intact platelets and 
in the supernatant from thrombin-treated platelets, in all of the 
individuals except one of the secondary thrombocytosis patients. 
Monoclonal antibody binding studies indicate that both fragments are 
produced by proteolysis at a single site, which results in the removal of 
a 30, 000-dalton fragment from the NH2-terminal . Lens culinaris 
lectin-binding studies revealed that some of the carbohydrate moieties of 
thrombospondin are near this cleavage site. The results are consistent 
with the hypothesis that the abnormal thrombospondin fragments observed 
\inder conditions of increased platelet production are due to increased 
susceptibility to proteolysis which, in turn, may be due to defective 
glycosylation. 
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AB Thrombospondin is a principal glycoprotein secreted by thrombin-stimulated 
platelets and has known affinities for fibrinogen and fibrin. We studied 
the distribution of thrombospondin in clots formed in situ on 
Formvar-coated coverslips at 37 degrees C for intervals up to 17 hours. 
The distributions of three other major platelet granular 
proteins--f ibrinogen, fibronectin, and von Will ebrand factor (vWF)--were 
also determined. The portions of the clots adhering to the coverslips 
after stripping, washing, and fixation with formaldehyde were stained for 
the four proteins by the peroxidase-antiperoxidase technique. Monoclonal 
antibodies were used to localize thrombospondin, 
fibronectin, and vWF; affinity-purified polyclonal antibodies 
were used to localize fibrinogen. Platelets stained positively for all 
four proteins. Thrombospondin was maximally present in the fibrin 
meshwork from 1 1/2 to 2 hours, after which the intensity of staining 
decreased until only trace amounts of thrombospondin were 
detectable between four and 17 hours. Ant if ibrinogen and, to a 
lesser extent, antif ibronect in stained the fibrin meshwork at all time 
points. The vWF was not detectable in the fibrin meshwork at 
any time point. Staining of polymorphonuclear leukocytes (PMNLs) in a 
fine granular pattern was found with ant i thrombospondin. The fraction of 
PMNLs staining positively was 6% to 14% at 1/2 to 4 hours and increased at 
eight hours to 27%. At 17 hours, 52% of the PMNLs stained for 



thrombospondin . More than 48% of the PMNLs stained with ant i fibrinogen at 
all time points. PMNLs did not stain for either fibronectin or vWF. 
These studies indicate that thrombospondin is a transient component of the 
temporary fibrin meshwork and has a unique spatial and temporal 
distribution in the hemostatic plug. 
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platelets by fast protein liquid chromatography on an anion-exchange 
Mono-Q column. 

AU Clezardin P; McGregor J L; Manach M; Robert F; Dechavanne M; Clemetson K J 
SO Journal of chromatography, (1984 Jul 27) 296 249-56. 

Journal code: 0427043. ISSN: 0021-9673. 
CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 198411 

ED Entered STN: 19900320 

Last Updated on STN: 19980206 
Entered Medline: 19841114 

AB Thrombospondin, a glycoprotein found in human platelet alpha granules, is 
thought to play a major role in platelet haemostatic functions. A rapid 
method to isolate thrombospondin for functional and structural studies was 
developed. Freshly prepared supematants from thrombin-stimulated 
platelets were separated on an anion-exchange Mono-Q column on a fast 
protein liquid chromatography system. Detection of 

thrombospondin in the eluted peaks was performed using sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis combined with silver staining 
and a solid-phase radioimmunoassay with monoclonal antibodies 
directed against thrombospondin and other platelet granule 
glycoproteins. Thrombospondin was isolated rapidly to a high degree of 
purity using the fast protein liquid chromatography Mono-Q system (20 
min) , compared with the time taken with other techniques. 
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Short Communication 

Immunohistochemical Identification of 
Thrombospondin in Normal Human Brain 
and in Alzheimer's Disease 



Luc BuSe.*** Patrick R. Hof 

David D. Roberts.^ Andr6 Delacourte," 

John H. Morrison/t and Howard M. FHlit* t 
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Smai School €f Medicine, New York, New York; (he 
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nnnnbospandin is part ofafamify of adhesive gfy- 
coproteins and is involved in a number ofptysio- 
logic processes sucb as angiogenesis and neurite Ota- 
growth. Immunohistochemical localization of 
thnmibo^muUn in normal human hndns was in- 
vesHgaied in the hippocampus and inferior temporal 
cortex. Two antibodies (one polyclonal and one 
monoclonal) against thrombospondin labeled mi- 
crovessels, gikU cell% tmd a subpcpukUion ofpym- 
midal neurons. The distribution of thrombo^ondin 
staining in patients with Alzhehner's disease was 
fwrndtobecon^arable to control sublets. However, 
in patients with AtOfeimer's disease a subset ofpy- 
ntmidal neurons that may be vulnerable in Alzhei- 
mer's disease exhibited decreased staining This <fe- 
crease in tbe intensity of labeling mi^t constitute a 
markerfor a neuronal population prone to early de- 
generation in additions mrombospondin staining 
was demonstrated in senile plaques in Alzheimer's 
disease These results suggest dtKtt thrombosporulin 
may be involved in the process of neuronal degener- 
ation and senile plaque formaOcn. (AmJPaOrol 
1992, 141:783-788) 

Thrombospondin (JSP) is a large, multifunctional glyco- 
protein, and part of a fairtly of adhe^ proteins gener- 

ated by attemative splicing and gene duplicalion.^ TSP 
interacts with certain oomponerts of the 0^1 surface and 
the extraceOular matrix such as sulfated glyoolipids. gly- 



oosaminoglycans (QAGs). heparan sulfate proteoglycan 
(HSXa). fibrinogen, fibronectin. collagen. rusSdine^ich 
glycoproteins, and plaaninogen.^** Thrombospondin 
pronxjtes cell adhesion and migralkxi and modulates re- 
sponses of severe cell types to growth factors.^-^ 
Through its alwlily to nnodulate endothrfal ceB acfte^ 

motiRty. and growth, it is a potential angiogenesis regu- 
latory factor.^^ One of the ceil surface ligands tor throrn- 

bospondin is HSPG. whk* mecfiate some of the 
biological effects of thrombospondin on cells.^^ 
Heparan sulfate proteoglycan produced by turner cells of 
neuroectodermal origin has also been shown to Mid to 
TS* with high affinity.® Throfrtwspondin is found in cul- 
tured human brain glial ceOsP and is involved in the mi- 
gration of cerebellar granule cells,^® and neural cresl 
cells,^^ ThroTibospondln is also present In the ernbiyonic 
retina, and promotes r^inal neuriteoutgrowlK^^ making 
it a likely regulator of axonal growth in the errAvyonto 
nervous system.^^ 

The biochemical and molecular analy^ of the char- 
acterteticleskyisof Alzheirner'sd'6e3se(AD). neurofibril- 
lary tangles (NFT). and senile plaque (SP). demon- 
strated that these pathotogk) changes contain a variety of 
abnormal elemente. Neurofibrillary tangles have been 
shown tocontein altered cytoskeletal proteins.'*''® Within 
SP and oongopWlic angtopathy, the nnaun ooTfip^^ 
scribed is the PHproWn or A4 peptide (pPM).'® Other 
components have also been detected such as ar 
anticihymolrypsln.'^ laminin,'® and GAG and/br proteo- 
glycans (PG).'®-^ 

To furtiier investigate the possible evente leading to 
the formation of the typteal testons Of AD, we used arfr 
bodies agidnst TSP. a heparinUnding proteia to «wv 
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ine its distrttxilton in the cerebral cort 
neurologicany normal elderly patients. The antitxxfi^ 
used irt tte ^udy were developed agairist 
uct of the first descritjed gene.^^ We do rwt have any 
evidence that they react vwth TSP2, a product of the sec- 
ond gene.22 However, in the inouse, both TSP1 and 
TSR2 are expressed in fetal and adult breua^ It is not 
known if both genes are expressed in human brain. If 
they are expressed, both TSP proteins may be recog- 
nized vinth the pdydonaJ antibody because they have 
many consensus amino-acid sequences. Because 
monoclonal antibody A6.1 recognized the same ele- 
ments as the potyctonal antibody in our materia, both 
TSP proteins may be delected with A6.1. We observed 
that TSP is found in the normal human brain. In AD. it is 
present within SP and in a particular neuronal subpopu- 
lafion that is fikdy to be vulnerable in the degenerative 
process. 



Materials and Methods 

The brains d five patients vvith no Nstory d neurologic or 
psychiatric disorders (728 ± &0 years, postmortem de> 
tey less than 6 hours), and of rine patients with senile 
dementia of the AbJieimer type (80.8 ± 2.1 ye^ post- 
mortem delay less than 6 hours) were obtained at au- 
topsy. The diagnoste of possitte AD was established 
dinicaily according to NllsCOS-ADRDA criterifif* and 
confirmed neuropathdogicaily by the presence of Ngh 
densities of SP and 1^ in the hippocampus and the 
neocortex. The brsuns were processed as described by 

Hofetal.^ 

Forty microrneler thick sections vvere pretreated with 
3% H2Q2 in methanol (1:3, V:V) to efiminate the endoge- 
nous peroxidase activity. Then, they were incut)ated 
overnight at 4^ with either a polyclonal^ (used at a 
working dilution of 1:1000) or the monoclonal A6.1^ 
(used at a working dilution of 3.0 to 3.5 »jyg/fTti) antibodies 
against a segment of TSP designated as type II. calcium 
dependent After incubation, the sections were pro- 
cessed vvith an avkfin^iotin kit (Vector L^bora^^ 
lingame. CA). and diaminobenzidine. and then intensi- 
fied by serial baths ci 0.005% osmium tetroxide. 0.5% 
thkicarbohydrazine. and 0.005% osrrium tetroxide.^ 
Sonne TSP-labeled sections were counterstained with a 
1% aqueous thioflavine S solution to simultaneously iden- 
trfyNFTandSP. 

Rabbit polyclonal antl-TSP anttsemm was prepared 
by inrvnunizing rabbits with purified human platelet TSP. 
Its specificity has been demonstrated prevk)usly.^ The 
nfxxise nrnxdonal antibody A6.1. which recognizes a 
cak:iunHJependent epitope in the 70 kda core of thronn- 
bospondn.^ vvas prcNkted by Dr. William Frazier. Wash- 



ington Urweraty. St lixjis. The antibody w»«s purified ^ 
prol^ A affirvty chromatography. 



Results 

In the cortex of control cases, the polyclonal anfibody to 
TSP stained a subpopulation of pyramidal neurons (Fig- 
ure 1 A). Similar neuror« were also stained with the mono- 
clonal antibody A6.1 (Figures 18. 2A-B). Thrombospon- 
dn-irnrnunoreactive neurons were found in the pyrarr^ 
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loom- 

layer of the CA1-CA4 fields (Rgure 2A-B) of the Am- 
mon's hom and in the large polymorphic neurons of the 
Klus of the deniatus gyms. In the entorhinal cortex, layer 
II demonstrated the darkest neuronal staining (Figure 
IB). IbOowed by layer 111. and finally layers V and VI. In the 
interior temporal cortex, pyramidal neurons of the layers 
HI and V were also darWy labeled. At highw ^ 
tion. the labeTing pattern of the pyramidal neurons ap- 
peared to be finely granular (Rgure 1C). With the mono- 
clonal attaxxJy. the neuronal staining was much stronger 
than with the polyclonal antibody. GDal cells were also 
labeled, especial^ in the white matter surrounding blood 
vessels, as well as diffuse elements in the neuropl (not 
shown). Staining of glial cells was weaker than neuronal 
staining. A few mtorovessds were stained with both an- 
tibodies. 

The neuronal staining was markedly decreased in all 
AD cases as compared with control cases. For instance, 
using antibody A6.1. pyramidal neurons were darkly 
stsdned in control cases in CA1 and CA3 fields (Figure 
2A-B). whereas in AD patients, neuronal staining was 
almost absent in CA1 (Rgure 2C) and severely de- 
creased in CAS (Rgure 2D). Similar decreases in stairvng 
intensity in AD breuns were obsen^d in subicUlum and in 
layers III and V of the interior temporal ooitex In AD 



Note the dark staging cfpsramidaineuro^ 
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cases, no TSP stauning of pyranwjal neurons was ob- 
served in the entorttinal cortex. Slairwig of gOal cells and 

fibrillar formations was comparabte to that obsen^ in 
control cases. Mfcrovascular staining appeared to be 
weaker in AD as compared with control cases. 

In AD. SP consistently stained for TSP and were ob- 
served in ail cortical areas investigated. Both monockxid 
and potycldnal antibodies against TSP-labeied SP (re- 
spectively Rgure 3A-B). As demonstrated by doubte la- 
beling, SP stained by thioflavine S was also labeted by 
anti-TSP antibodies (Figure 3B-C). The staining pattern 
d sorne SP also su^ested that TSP rhay aoojrnulate in 
dystrophic neurites surround^ the plaques. 



Discussion 

Our obsen«tions suggest that a siibpopulation of TSP- 
immunoreactive neurons that appear to be vulnerable in 
AD is decreased or tost This conctusk)n is based on the 
fact that weakly stoned TSP-immunoreadive neurons or 
their absence in AD are found in the areas where neuron 
loss preferentially occurs in AD.^-^-^ Furthermore, 
comparable glial and vascular stauning was observed in 
control subjects as well as AD patients. 
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The presence of TSP in the central nervous system is 
compatible with immunochemical and biochemical anal- 
yses of human glial cells In culture that have demon- 
strated that these cells are able to synthetlze TSP.® 
T h rombo ep oncfin staining was noted in glial cells in nor- 
mal bffiunP but has nc^ t)een previously reported in neu- 
ronal cells. We ofctsen/ed staining of glial cells In the 
brains of both control and AD cases. Furthermore. TSP 
has been shown to be involved in a number of physio- 
logic processes in primary cell cultures of embryonic 
neurons.^' or in the developing nervous systemJ^^^ It 



may play a unique rde in development by creating locd 
foci of controlled balance b^ween proteases and pro- 
tease inhit»tors necessary for migration and neunte out- 
growth. TSP may have a similar function in the normal 
adult braia 

In AO cases, the granular TSP staining of pyramidal 
neurons appears decreased oompared with control sub- 
jects. Since it is likely that the antibodies used in the 
present study crossreact with both TSP gene products, 
neuronal teibe&ig rnay be rdated to the preserice of neu- 
ron-spedfic TS*. which has not yet been characterized. 
This granular pattern could be lntracyU)plasmic and rep- 
resertt the labeling of vesides. or nuclear receptors. It 
could also represent staining of surface receptors as ob- 
served in fibroblasts.^ Thus, the loss of neuronal TSP 
staining in AD nnay have two explanations. Since neurons 
have at le^ two d^ses of TS' reoeptors."*^ it may sim- 
ply reflect the loss of surface receptors, or it could result 
from the loss of these particular TSPHmmunoreactive 
neurons that may contain a neuron-specific TSP. Pyrami- 
dal neurons are lost in AD.^®-^*^ Furthermore, in AD. this 
granular TSP staining was better presen/ed in CAS than 
In CA1 . These data are suggestive of a regional patlem of 
vulnerability. In this re^ject, CA1 contauns more NFT than 
CAS in AD. Layer II of the entorhinal cortex did not sf%)w 
any TSP staining in AD whereas in control subjects, stain- 
ing of pyramidal ceils was common. These neurons lo- 
cated within layer 1 1 of the entorhinal cortex form the per- 
tbrant pathway that project to the gyms dentatus. Ttvs 
circuit has been shown to be sever^ affected in AD.^^ 
Ihus. the pattern of TSPHmmunoreactive pyramidal cell 
loss parallels the neuronal degeneration and cell loss ob- 
sen/ed in AD.^*^-^ Interestingly, the TSP neuronal sub- 
population affected in AD appears to be comparable to a 
population of pyramidal neurons tiiat contaun high density 
of noni^hosphorylated neurofilarnent protein.^ However, 
double-labeling studies wilt be necessary to determine 
the degree to which TSP-positive pyramidal cells also 
cont^ high levels of non-phosphorylated neurofilament 
protein. 

A number of extracellular components such as GAG/ 
PG,^® laminin,^® or prc^ease inhibitors'^ are found in SP. 
The presence of TSP, as well as these other protans in 
SP may result fix)m vascular and/or neuronal degenera- 
tion and partidpation in formation of SP. Bidogicai effects 
of TSP are diverse and can stimulate or inrubit prolifera- 
tion depending on ttie cell type. However, in tiie cent d 
nervous system, thrombospondin appears to be e>:- 
pressed at sites of proliferation or migrafion.'*^'*^ Since 
synaptic loss is one of the early events in AD pathology.^ 
TSP may accumulate in these areas Of synaptic loss to 
promote regeneration of injured cells. This may explain 
ttie fact that TSP stednlng of SP appears to be primarily in 
dystrophic neurites and also that TSP neuronal staining is 
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6&aBas&i. In ackftion. as previously c ta mnbHa te d. m>- 
cfD^asoiaiure changes are found in AD?^ TSP also 
plays a role in the regulation d the pernascul^ 
tuiar rnatrteand isan inNbitor of theangbgenests.^T^ 
IS evklenoe that components of the extraceDular rra^ 
are involved in SP.^® Thus, the presence dTSPv^ 
inay also result from vascular pathology. Bkx:hem^ 
the presenoedTSPvMtHnSPcojkj reject its high affi^ 
for HSPG^ that always found to coesdst vvilh 
inAD.^*^ 

In conclusion. TSP is found in normal human brain, 
especially in a subpopulation of pyrarrodal neurons. Its 
decreased stairting or its loss in AD might be a neuronal 
marker of early neuronal degeneration. These data sug- 
ge^ that pathologic changes linked to AD may involvea 
loss of specific chemically identifiable neuronal popula- 
tions. Rnally. TSP is found in SP and may be involved in 
a numb©^ of mechanisms during regeneration that may 
lead to formation of SP. 
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The amyloid precursor protein (APP) is found in many cells including neurons, endothelial cells 
and blood platelets. Beta-amyloid protein (BAP) is derived from APP and is deposited in brain 
and in cerebral microvasculature of individuals with AJzheimer^s disease. In this study we 
demonstrate that (3AP interacts with human blood platelets. We found that human BAP peptide 
(1-40) fibrils aggregate platelets and support their adhesion, and these interactions are mediated 
through platelet membrane integrin receptors. © 1994 Academic Press, mc. 



Beta-amyloid protein (BAP, 4kD) is released by the alternative processing of amyloid protein 
precursor (APP). Several different mechanisms (1) have been proposed which could lead to the 
generation of BAP, which accumulates by amyloid fibril polymerization in the brain and blood 
vessels in Alzheimer's disease (AD), Down*s syndrome and aged normal people. Platelets contain 
concentrated APP in a-granuies (2,3), and as a minor species associated with platelet membranes 
which may be shed during platelet activation, (4). Human platelets activated by thrombin release 
APP and prostacyclin suppresses this reaction (4). Some forms of platelet APP contain Kunitz- 
protease inhibitor (KPI) domain (5). Low amounts of APP of similar size to those released by the 
platelets occur in plasma (6,7). Stimulated platelets release membrane fragments containing Rill- 
length C-terminal and N-terminal immu no reactive APP which should contain the intact BAP 
(4kD) sequence. The platelet released APP may therefore contribute to the formation of 
circulating B amyloid protein, and may be a source of BAP in amyloid deposits (8). Several roles 
for APP have been postulated (1). It is possible that forms released from platelets have a growth 
factor-related ftinction. It is also likely that through its KPI regions APP may participate in the 
coagulation cascade by inhibition of factors IXa and XIa. A third possible role for platelet APP is 
to modulate cell-cell contact. Recent study of thrombosis prone patients (9) provided evidence of 
the association of APP and platelet-derived microparticles. APP was also found in chronic 
thromboemboli (10). Immunohistochemical analysis indicated colocalization of APP antigen with 
platelet glycoprotein GPIIb/IIIa in fibrin-rich thrombi and in a single layer of endothelial cells. 
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Thus a physiological role for secreted APP in clot formation is likely. In this study we explore the 
interaction of BAP fibrils including fijll length peptide APi-40 (APP597-636 based on APP of 
695 residues) and its extracellular domain APi-28 (APP597-624). Preliminary data are presented 
on a possible mechanism of interaction of BAP fibrils with platelets which may play a role in both 
thrombosis and in Alzheimer's disease. 

METHODS 

Platelets isolation: Platelets were isolated by differential centrifugation. Platelet-rich-plasma (PRP) 
was prepared by centriftigation of the citrated blood at room temperature for 20 min at 1 50xg. 
Platelets were pelleted by centrifijgation of PRP at room temperature for 20 min at l,000xg. The 
platelet pellet was resuspended in Hepes buffer, pH 6.5 (Hepes-buffered Tyrode's solution 
containing 5mM Hepes, 4mM NaH2P04, 137mM NaCl, 2.6mM KCI, 1 mM MgCl2, 5mM 
glucose and 1 mg/ml albumin) containing 5 U/ml apyrase and sedimented by centrifugation. 
Finally, platelets were suspended in Hepes buffer, pH 7.5 at 3- 5x10^ platelets/ml. For the 
serotonin secretion study, platelets in PRP were loaded with ^H-hydroxytryptamine [^H-HT] and 
washed as described above. 

Formation of BAP fibrils: Two synthetic peptides (Bachem, California) were used in this studies: 
APi-40(APP597.636) and AP1.28 (APP597-624), length BAP and its extracellular domain, 
respectively. Peptides were suspended to the concentration of 5 mg/ml in deionized water. Fibrils 
were formed by incubation of peptides overnight at 37°C in Ca^"*", Mg^"*"-free PBS at 100-1000 
\ig/m\ before use. 

Platelet aggregation and secretion: . 400 ^1 of platelets (3x10^ pl/ml) were placed in an 
aggregometer cuvette and incubated with stirring at 3TC for 3 min in the presence or absence of 
200 pg/ml of fibrinogen. Agonist was then added and incubation was continued for 3 min. For 
measurements of secretion, stopping solution containing 2% formaldehyde and 5 mM EDTA was 
added and platelets centrifliged for 5 min. Radioactivity in supernatant was counted in a B- 
scintillation counter. Aggregation is presented as a percent of light transmission and secretion as a 
percent of total [^H-HT] taken up by platelets. 

Platelet adhesion assay: BAP peptides were diluted to 100 \ig/m\ in Ca^"^, Mg^"^-free PBS 
(Sigma) and 100 ^1 of this solution were incubated on 96-welIs microliter plates (Costar) 
overnight at 37^C and blocked with 1% BSA for 1 hr at room temperature (RT). The wells were 
then washed and 100 ^1 of platelet suspension in the Tyrode's buffer were added. Platelets were 
incubated in the wells for 60 min at RT and nonadherent platelets were removed. Wells were then 
washed three times with 200 ^1 of Tyrode's buffer. The number of adherent platelets was 
determined by BCA protein assay (Pierce), as described eariier (11). 

Binding of various prot eins to BAP peptide fibrils. Binding of fibrinogen, thrombospondin and 
purified GPIIb/IIIa was performed in solid-phase assay. 96-weIls microliter plates were coaled 
with BAP peptides as described above, blocked with 1% albumin and various proteins added for 1 
hr at 20^C. Wells were rinsed 3 times in PBS and bound biotinylated fibrinogen or GPIIb/IIIa 
detected by binding of streptavidin linked with horseradish peroxidase. In the second system 
monoclonal antibody against thrombospondin or GPIIb/IIIa was followed by the addition of 
alkaline phosphatase conjugated goat-anti mouse antibody. Color was developed after addition of 
appropriate substrate and optical density at 405 nm was measured. In both systems optical density 
is proportional to the amount of bound protein. 

RESULTS 

Aggregation of platelets induced bv BAP fibrils. 

Synthetic APi_28 and APi-40 peptides form fibrils in vitro that are similar in ultrastructure 
to the in vivo amyloid peptides fibrils (12). We observed that fibrils formed by peptide APi-40 
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Aggregation of human blood platelets by AP 1.40 peptide. Platelets (3x1 0%l) were incubated 
with stimng at 37 C with indicated concentrations of AP 1.40 peptide fibrils in the absence (a) or 
presence of 200 ^g/ml of fibrinogen (b). Addition of APn28 fibrils to platelet suspension did not 
have any effect on aggregation of platelets (c). 



(Fig lab) induced platelet aggregation in a dose dependent manner with EC50 - 8 \xg/m\ without 
and 6.5 ^g/ml with external fibrinogen added, respectively. Platelet aggregation by BAP fibrils 
was similar to collagen induced platelets aggregation with respect to delay after addition of fibrils 
and the start of shape change. Stimulation of platelets by AP1.40 fibrils induced the release of 
dense granules as measured by the release of ^H-serotonin (Table I). In contrast APi.28 fibrils at 
the concentration up to 125 pg/ml (Fig Ic) did not promote aggregation and dense granule 



Table I 



Aggregation Release (^H-HT) 



AP 1-40 (nofg) 


44% 


26% 


AP 1-40 (+fg) 


70% 


35% 


AP 1-40 (+GRGDS) 


10% 


21% 


AP 1-40 (+ASA) 


20% 


0% 


APl.28 (+fg) 


0% 


3% 


ADP (+fg) 


44% 


26% 


ADP (+GRGDS) 


0% 


2.6% 


ADP (+ASA) 


10% 


0% 


Thrombin 


75% 


80% 


Control 


0% 


1.3% 
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secretion. Aggregation but not secretion induced by APi-40 fibrils (10 ng/ml, 2.3 nM) was 
inhibited by GRGDSP peptide (100 ^M). In contrast, an 1 1 amino acid peptide APm i(APP597. 
617) containing an RHDS sequence, or GRGESP up to the concentration of 100 jiM had no 
effect on API -40 induced platelet aggregation. Addition of aspirin (200nM) blocked completely 
platelet secretion and the second wave of aggregation whereas 1 ^M of PGEi blocked both 
aggregation and secretion promoted by AP|-40 fibrils. 
Adhesion of platelets to [3AP fibrils. 

We also studied adhesion of human blood platelets to BAP fibrils immobilized on plastic 
microtiter wells. Platelets adhere to both APi-40 and APi-28 coated wells, similar number of 
platelets adhere to fibronectin coated plates, while no platelets adhered to BSA (Table II). 
Platelets preincubated with 1 mM PGEi adhered to APi-40 , however they failed to adhere to the 
APi.28 coated wells (Table II). Adhesion of platelets to APi.40 was time and divalent cation 
dependent (Fig 2a). In the presence of EDTA and EGTA platelet adhesion to APi-40 was 
inhibited by 82% and 80%, respectively. 

Next, the possible receptors involved in adhesion of platelets to APmO peptide were 
examined. Platelets were preincubated with various antibodies and peptides for 10 min at room 
temperatures and then allowed to adhere to AP1.4O fibrils (Fig 2b,c). Monoclonal antibody 
against the platelet GPIIbAIIa receptor (A2A9, donated by Dr. J. Bennett, University of 
Pennsylvania) at 20 ng/ml inhibited adhesion of platelets to AP1.40 by 80% (Fig 2b). Also 
thrdmbasthenic platelets, which possess only 10% of the normal GPIIb/IIIa population, showed 
impaired adhesion to APi-40 peptide (25% of control, data not shown). Antibody against platelet 
GPIa/IIa (clone Gi9, AM AC) inhibited platelet adhesion to AP1.4O by 50%. We also observed 
(Fig 2c) the inhibitory effect of the GRGDSP peptide (100 jiM) as well as RGD. containing 
peptide echistatin, a snake venom derived disintegrin (5 nM, data not shown). In contrast APi- 
11, which contains RHDS sequence and GRGESP or SFLLRN peptides at the concentration of 
100 nM, did not have any effect on the adhesion of platelets to APr-40 (Fig.2c). 
Binding of GPIIbAIIa. Fe and TSP to CAP fibrils 

In order to test if AP 1-40 interacts directly with GPIIb/IIIa we studied the binding of purified 
GPIIb/IIIa to APi-40 fibrils. We did not detect direct binding of GPIIb/IIIa to Ai-40 (F'g- 3a) m 
solid-phase binding system. The lack of APi-40 - GPIIb/IIIa interaction was independent of the 
binding system used. In the first system binding of purified GPIIb/IIIa to plates coated with Ai-40 



Table II 



Adhesion of platelets (P.P. at 595 nm ± SD) 
- PGEi PGEi 



A1.40 0.662+0.027 0.533±0.009 

Ai-28 0,305+0.072 0.059+0.013 

Fibronectin 0.589+0.009 0.198±0.008 

Albumin 0.086±0.020 0.0I0±0.001 



Data presented are the mean of at least three different studies. 
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Fig. 2. 

a) Platelet adhesion to A 1-40 [cross-hatched bars], fibronectin [diagonally hatched bars] or 
albumin [open bars] in the presence of PGEi. Adhesion to all the substrates was inhibited by 
EDTA {4mM). 

b) Platelet adhesion to the peptide AmO in the presence of PGEi and various monoclonal 
antibodies. All antibodies were used at 20 pg/ml. Antibody against GPIIbAIIa inhibited platelet 
adhesion in about 80% and antibody against GPIa/IIa in about 50%. Control or anti-TSP antibody 
had no effect. 

c) Platelet adhesion to peptide APi-40 in the presence of various peptides (100 pM). Platelet 
adhesion was inhibited by GRGDSP in about 85% but not by APi-H, which contains RTOS 
sequence. Control peptide GRGESP or thrombin receptor peptide SFLLRN at the same 
concentration have no effect on adhesion of platelets to APi-40 



was detected using an antibody to GPIIbAIIa or biotinylated GPIIb/IIIa. In the second, we used 
^^^Mabeled Ai-40 and studied its ability to bind GPIIb/IIIa immobilized on the microtiter plates. 
Under the same conditions APi-40 was capable of binding fibrinogen and thrombospondin, two 
major platelet binding proteins. Biotinylated fibrinogen [Fg] (Fig 3b) bound to the wells coated 
with APi-40 peptide but not to BSA coated wells in a concentration dependent and saturable 
manner. Similarly, thrombospondin [TSP] (Fig 3c) bound to APi-40 peptide as detected using 
anti-thrombospondin monoclonal antibody. 




GPIIb/llia 



BSA 



0 5 10 15 20 
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T 1 1 
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0 50 100 150 
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Fig. 3« n ru 1 

Binding of purified GPIIb/IIIa (a), fibrinogen (b), and thrombospondin (c) to AP i-40 tibrils. 
Plates were coated with AP i-40 peptide or control proteins as described in methods. GPIIbAIIa, 
fibrinogen or thrombospondin was allowed to bind to APi-40 fibrils for 1 hr at room temperature. 
Amount of bound protein was detected after addition of appropriate substrates and presented as 
O.D at 405 nm. 
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DISCUSSION 

We have shown that human BAP peptide fibrils support platelet adhesion and aggregation of 
washed human blood platelets. B-amyloid fibrils may interact with specific platelet receptor(s), 
linked to a second messenger system, which leads to platelet release reaction, expression of 
platelet fibrinogen receptors GPIIb/IIIa and platelet aggregation. Antibody against GPIIb/IIIa 
blocked the adhesion of platelets to BAP fibrils but we did not observe the direct interaction of 
BAP with purified GPIIb/IIIa. Therefore GPIIb/IIIa is likely to be involved in the interaction of 
platelets with BAP, however this interaction is not direct but possibly through released and surface 
bound TSP and/or fibrinogen, which bind to GPIIb/IIIa (13-15). It is also possible that other 
integrins like GPIa/IIa may serve as receptors for BAP. It has been shown that thrombospondin, a 
large adhesive protein secreted from platelets, and also found in cultured human brain glial cells 

(16) may also be involved in the process of neuronal degeneration and senile plaque formation 

(17) . Therefore, TSP may be involved in the interaction of BAP with cellular integrins. A 109- 
amino-acid construct CI 09 with a sequence analogous to the C-terminal of APP was found to 
promote cell adhesion of the human monocytoid cell line U937 (18). This fragment as well as a 
synthetic peptide identical with the first 28 N-terminal extracellular residues of BAP promote 
adhesion of those cells through an integrin-like receptor. As shown by Schubert et al. (19) APP 
molecules were able to stimulate adhesion of nerve cell line PC 12. PC 12 cells were found to 
interact with laminin, collagen IV, and fibronectin with integrin-related glycoproteins involved in 
attachment and process outgrowth. This and our observation suggest that there may be a common 
mechanism of interaction between BAP and various cells and cellular integrins are likely to be 
involved in such interactions. The role of RGD-binding site may be important since it is present on 
a broad number of integrin receptors. Interaction of BAP fibrils with platelets and with fibrinogen 
and thrombospondin may further suggest the role of APP in cell-cell and cell-matrix adhesion. 
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Introduction 

Heparan sulphate (HS) is the major glycos- 
aminoglycan on mammalian cell surfaces and in 
basement membranes [1,2]. Cell surface HS is 
attached covaiently to Uvo major classees of pro- 
tein, the transmembrane syndecans and the 
glycosylphosphatidylinositol (GPI) -anchored gly- 
picans and in basement membranes the principle 
component that bears HS is a large multidomain 
protein called perlecan. These protein cores t)'pi- 
cally contain 2-3 HS chains positioned in close 
proximit}' to each other along a short stretch of 
peptide in which the glycanated serine residues 
are in sequences of short Ser-GIy repeats with 
hydrophobic and acidic amino acids in the 
vicinit)' of the glycanation region [3]. This 
clustering of HS chains is suggestive of a 
• co-operative mode of action which may be of 
special relevance to the role of HS-proteoglycans 
m regulating cell adhesion and migration on bio- 
matrices. 

Biosynthesis and structure of HS 

In common with most other glycosaminoglycans, 
HS is linked to core proteins by a tetrasaccharide 
sequence at the reducing end of the chain com- 

Abbreviations used: HS, heparan sulphate; GPI, gluco- 
sylphosphatidylinositol; IdoA, iduronate; bFGF, basic 
fibroblast growth factor; aFGF. acidic fibroblast 
growth factor; AT-lII, anti-thrombin III. 



posed of Xyl-Gal-Gal-GlcA- with the xylose in an 
0-glycosidic linkage to serine. The polymer is 
built up on this linkage sequence by the addition 
of GlcNAc and GlcA in alternate sequence to 
form polysaccharides ranging in length from 50 
to 200 GIcNAc-GlcA disaccharide repeats. 
During polymerization enzyme-mediated modifi- 
cations to the growing 'heparan' chain [4] are 
initiated beginning with the conversion of a pro- 
portion (normally 40-50%) of the GlcNAc units 
to the unique N-sulphated glucosamine 
(GlcNSOj) catalysed by deacet>'lase/ 
N-sulphotransferase enzymes. Further modifica- 
tions include the epimerization of GlcA to the 
C-5 epimer iduronate (IdoA) followed by the 
addition of sulphate groups to C-2 of IdoA, C-6 
of the amino sugars, and more rarely to C-3 of 
GlcNSOj. These modifications are confined to 
regions of N-sulphation and are largely excluded 
from areas where N-acetylated disaccharides pre- 
dominate. This restriction acts as a constraint on 
the sequence variabilit>' seen in HS [5] and leads 
to the formation of domains of relatively high 
sulphation (S-domains) and IdoA content. These 
S-domains arise because the primary changes in 
HS synthesis (i.e. conversion of GlcNAc into 
GlcNSOj) are mainly directed to localized areas 
of the polymer chain [6,7] rather than being uni- 
formly distributed (Figure 1). The S-domains 
are thus separated by relatively unmodified 
N-acetyl-rich regions which act as spacers giving 
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the HS chain its distinctive character from the 
chemically related heparin which is made up 
almost entirely of N-sulphated disaccharide units 
[8J. For a thorough review of HS and heparin 
synthesis see [4]. 

HS messages in the sequence 

Anticoagulation and polymorphism 

HS plays many important roles in the biolog}^ and 
biochemistry of the cell. It is w^ell recognized that 
HS is important in maintaining a non-thrombo- 
genic surface on the endothelial lining of blood 
vessels due to the presence of a unique penta- 
saccharide sequence (first identified in anti- 
coagulant heparin) of the following structure: 

GlcNAc,6S-GlcA-GlcNS03,3S-IdoA,2S-GlcNS03,6S 
1 2 3 4 5 

This sequence binds to anti-thrombin HI 
(AT-HI) with high affinity and greatly accel- 
erates the rate at which it binds and inhibits 



Domain structure of HS 

HS consists of hypervariable sulphated domains (5 domains) sepa- 
rated by regions of low sulphation (spacer regions). The 
S-domains contain the majority of N- and O-sulphate groups and 
IdoA residues, whereas N-acetylated disaccharides predominate 
in the spacer regions. The enzyme heparitinase (favoured sub- 
strate GlcNAc/GlcNSOj-GIcA) can be used to release the 
S-domains (typical size range 2-7 disaccharides). whereas hepar- 
inase cuts HS within the S-domains at the GlcNS03{ ± 6S)- 
ldoA.2S linkage. The above model, although giving a simplified 
viev7 of HS. is applicable to the majority of HS polymers pro- 
duced by different cell types. Variations in sulphation pattern, 
particularly involving the O-sulphate groups, are superimposed on 
a common S-domain organization to give rise to celi-type-specific 
HS species. Rat liver HS is the major exception to the spaced 
arrangement of S-domains; the liver HS contains on average 
three S-domains in dose apposition in the distal region of the 
chain [7]. 
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thrombin and factor Xa [9,10]. It is noteworthy 
that an unmodified sugar (GlcA) is present at 
residue 2 and the rare 3-0-sulphate is present 
on the GlcNSOs at residue 3. A GlcNAc residue 
at position 1 is not absolutely required (GlcNSOj 
will suffice) but it inhibits any tendency for the 
adjacent GlcA to be converted into IdoA; the 
6-0-sulphate group on the GlcNAc is vital for 
AT-III binding. The AT-III-binding pentasac- 
charide sequence is thus brought about by the 
concerted action of a number of enzymes which 
effect an incomplete but controlled set of modifi- 
cations to short sections of the HS/heparin 
chain. This reflects the clearly obser\ed fact that 
in HS (and in heparin also) the potential for 
epimerization and sulphation of N-sulphated 
regions is never fully realized and a particularly 
notable feature of HS is that although its fine 
structure varies from one cell type to another, 
this variation is largely due to different levels of 
0-sulphation imposed on a common backbone 
structure of spatially discrete S-domains (Figure 
1). The AT-III binding sequence may be con- 
sidered as a distinct short region at the interface 
of an S-domain with an N-acet} l-rich spacer. 

S-domains: molecular size, sulphation 
and growth control 

The S-domains in HS var>' in size from two to 
about seven or eight disaccharide units, although 
occasionally even longer domains are found. The 
S-domains are designed for protein recognition 
and their fine structure and positioning along the 
HS chain are important, aspects of their recogni- 
tion properties. Examples of the importance of 
S-domain spacing have come from studies of 
interferon y and platelet factor 4 (dimeric and 
tetrameric proteins respectively) which span 
S-domains separated by about 10-12 disacchar- 
ide units [11,12]. 

Basic and acidic fibroblast growth factor 
(bFGF and aFGF respectively) both require HS 
for their biological activit)^ [13] and although the 
mode of action of HS is obscure it is likely that 
some form of conformational change is induced 
in the growth factors which enables them to bind 
in a productive manner to their signal-transduc- 
ing receptors [14]. One popular view is that an 
active site on HS will bind two FGFs, which 
interact directly with each other to form a 
dimeric, receptor-binding ligand [15,16]. 

The detailed structure of the high-affinity 
binding site for bFGF in HS has been studied by 
several groups. There is a general consensus that 
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activation of bFGF requires S-domains of 6-7 
N-sulphated disaccharide units with IdoA resi- 
dues and 2-0-sulphate groups being major 
features of the binding region [17,18]. An 
S-domain of seven disaccharides was isolated 
from fibroblast HS using the enzyme hepariti- 
nase (Figure 1). The S-domain was named oligo- 
H, and it contained a highly regular internal 
repeat unit of the following sequence: 

Glc-Glc!\S03-[ldoA,2S-GlcNS03)5-IdoA-GlcNAc 

The sequence was devoid of 6-0-sulphate groups 
but it still bound to bFGF with a similar affinit}- 
to that of the parent HS [19]. When this 
sequence was first identified it was unclear 
whether it contained all the structural features 
required to promote the activit)' of bFGF. If it 
was not an activating sequence, then what was its 
purpose? Oligo-H was much longer than a penta- 
saccharide sequence proposed to be the minimal 
binding site for bFGF [20]; this structure con- 
tained a single ldoA,2S in the sequence: 

HexA-GlcNS03-HexA-GlcNS03-IdoA,2S 

where the HexA could be GlcA or IdoA. The 

presence of 6-sulphates was not required for 
binding of such short saccharides and this view 
was confirmed by studies on the cr}'stal struc- 
tures of heparin tetra- and hexa-saccharides and 
bFGF [21]. The N-sulphate groups and IdoA,2S 
in this pentasaccharide were shown to be import- 
ant for binding to bFGF, but short sequences of 
the above type do not activate the growth factor. 
This may imply that the requirement for longer 
sequences reflects the need to bind Uvo bFGFs 
in a single site as already discussed. 

Studies on N-sulphated saccharides derived 
from heparin (i.e., IdoA,2S-GlcNS03,6S repeat 
units) and on selectively desulphated derivatives 
supported the view that 2-0-sulphate and 
N-sulphate groups were important for bFGF 
binding, with no obvious role for 6-sulphates 
[18]; however, 6-sulphate groups were needed 
for bFGF activation [18], and it was concluded 
that the active site recognized both the growth 
factor and its signalling receptor, with the 6-sul- 
phates presumably being part of a subsite that 
bound the receptor. This idea arose because of 
an earlier suggestion that HS must bind the FGF 
receptor [22] as well as bFGF so that receptor 
and ligand would be brought into close prox- 
imity. 

Heparins fully depleted of 6-sulphate groups 
were shown to be inhibitors of bFGF [18]. 



Because the high-affinit}^ oligo-H sequence (also 
devoid of 6-sulphates) is a naturally occurring 
structure in fibroblast HS, it may be a negative 
regulator of bFGF-driven cell growth, whereas 
comparable sequences with the necessaiy com- 
plement and positioning of 6-sulphate groups 
should activate the growth factor. In the case of 
bFGF, therefore, the message in the HS 
sequence may be suppressive or stimulator}^ for 
growth depending on the structural character- 
istics of the S-domains expressed on cell sur- 
faces. 

Studies on other growth factors including 
aFGF [18,23,24] and hepatocne growth factor 
[25] indicate that they have different structural 
requirements for binding to HS and both of 
these growth factors seem to recognize 6-sul- 
phate groups as substituents of their binding 
domains. Differential binding and activation of 
aFGF and bFGF is obser\^ed in HS synthesized 
at different stages of development of the neuro- 
epithelium [24]. In common with bFGF, hepatc- 
c}te growth factor and aFGF also display near 
optimum binding to S-domains of six to seven 
disaccharides in length. 

Summaty 

HS influences fundamental cellular properties 
and biochemical processes at the cell surface. In 
addition to the issues already discussed, it has a 
profound effect on cell adhesion and migration 
through its interaction with many extracellular 
matrix proteins, .most notably fibronectin and 
thrombospondin; it is closely linked to lipid 
metabolism through its capacit}' to bind low- 
densit)^ lipoprotein and lipoprotein lipase; and 
aberrations in HS structure and degradation are 
linked to human malignancy and Alzheimer's 
disease [26,27]. The subtle variations in HS 
structure enable it to distinguish between 
families of related proteins such as the FGFs, 
the chemokines [28] and the TGF^s [29]. The 
multifunctional nature of HS is the result of its 
structural diversity' and strategic positioning in 
the pericellular domain. The biosynthesis of HS, 
in common with other complex carbohydrates, is 
not directed by any known template yet the 
system is clearly subject to quite precise control 
so that in general, the HS family has a common 
domain organization that is finely tuned at the 
cellular level to produce HS species of variable 
length, fine structure and biological properties. A 
major challenge for future research will be to 
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unravel the regulator^' mechanisms that deter- 
mine the molecular structure of HS. It remains 
unclear whether these mechanisms are entirely 
intrinsic in nature or subject to substantial 
uiodulation by the cellular microenvironment. 
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Abstract 

Beta-amyloid (Ap) deposition is considered to be of the most crucial events in the onset of Alzheimer's disease (AD). To 
identify factors involved in the exacerbation of AD, we investigated transcriptionally Ap-induced genes using a cDNA 
subtraction technique in rat astrocytes as previously reported. One subtracted gene that showed the Ap-induced expres- 
sion was rat ADAMTS-4 (a disintegrin and metalloproteinase with thrombospondin motifs). In this report, we present the 
deduced sequence for the mature form of rat ADAMTS-4 and demonstrate the induction of Its mRNA by treatment of 
cells with Ap. Our results suggest a degradation of the extracellular matrix occurring in the brain of AD patients and a 
possibly significant role of this enzyme in the progression of AD. © 2000 Published by Elsevier Science Ireland Ltd. 

Keywords: Beta-amyloid; Alzheimer's disease; A disintegrin and metalloproteinase with thrombospondin motifs-4; Rat astrocyte; cDNA 
subtraction 



Beta-amyloid (AP) is thought to be one of the most criti- 
cal elements that constitute senile plaques observed in 
Alzheimer's disease (AD) brains. This peptide was demon- 
strated to possess direct toxicity to neurons and to activate 
astrocytes in the insoluble aggregated form that contains P- 
sheet structures. Its deposition in senile plaques is consid- 
ered to be one of the most crucial events in the onset of this 
disease [5,8,17,20,26]. 

Numerous activated astrocytes in lesions as Qccurs in 
many other neurodegenerative disorders, is a common 
feature of an AD brain. The cells are found surrounding 
the plaques and extend their processes into the lesions 
[17,18]. The observation that the plaque-associated acti- 
vated astrocytes show morphological changes and produce 
several inflammatory factors in AD [5,9,11,17,18] leads us 
to a possibility that the activated cells in AD lesions have 
some influence on neighboring neurons and contribute to an 
aggravation of the disease. 

It is unknown whether AP itself activates astrocytes in 
vivo, but there is little doubt that the association of this 
molecule with astrocytes is of great significance in the 
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lesions of AD brains. The contribution of Ap to the progres- 
sion of neuropathologic changes mediated by astrocytes and 
the actual influence of glias on neurons in AD brains have 
not been well clarified. Thus, it remains important to inves- 
tigate the expression profiles of astrocyte-derived factors 
that show transcriptionally altered changes by Ap treatment, 
in an effort to identify key molecules in AD brains that may 
be intimately associated with disease progression. 

For the purpose of investigating transcriptionally regu- 
lated factors that may be implicated in AD progression, 
we searched for Ap-induced cDNAs derived from rat astro- 
cytes by cDNA subtraction as previously described [21]. 
The cultured cells, more than 90% of which were positive 
for glial fibrillary acidic protein by immunofluorescence 
staining, were prepared from cerebral cortex and hippocam- 
pus of Wistar rat fetuses using a previously described 
method [13]. One subtracted cDNA fragment that showed 
Ap-induced expression of original mRNA (Fig. 2) was a 
novel gene. This fragment (344 bp) has 84.8% nucleotide 
homology with human ADAMTS-4 (a disintegrin and 
metalloproteinase with thrombospondin motifs) mRNA 
and includes the stop codon and each part of the coding 
region and the 3 '-untranslated region (UTR). ADAMTS-4 
has also been referred to as aggrecanase-1 [24] and its 
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Meulloproteinase domain 

TASLSRFVET LWADDKMAA FHGAGLKHYL LTVMAAAAKA FKHPSIRNPV NLWTRLVIL 60 
********** ********** *******^** ********** ********** ^********* 

FASLSRFVET LWADDKMAA FHGAGLKRYL LTVMAAAAKA FKHPSIRNPV SLWTRLVIL 60 

GSGQEVPQVG PSAAQTLRSF CTWQKGLNPP NDSDPDHFDT AILFTRQDLC GVSTCDALGM 120 
**** ********** *,**,*«*,* ,********* ********** ******,*** 

GSGEEGPQVG PSAAQTLRSF CAHQRGLNTP EDSDPDHFDT AILFTRQDLC GVSTCDTLGM 120 

AGVGTVCDPA RSCAIVEDDG LQSAFTAAHE LGHVFNMLHD NSKPCANLNG QGSSSRHVMA 180 
*,******** ********** ********** ********** ***** ,*** ^ *,****** 

ADVGTVCDPA RSCAIVEDDG LQSAFTAAHE LGHVFNMLHD NSRPCISLNG PLSTSRHVMA 180 

^ -p. Disintegrm-like donisin 

PVMAHVDPEE PWSPCSARFI TDFLDNGYGH CLLDIO^BAPL HLPVTFPGKD YDADRQCQLT 240 
********** ********** ********** ********** ********** ********** 

PVMAHVDPEE PWSPCSARFI TDFLDNGYGH CLLDKPEAPL HLPVTFPGKD YDADRQCQLT 240 



FGPDSSHCPQ LPPPCAALWC FGHLNGHAMC QTKHSPWAD6 TPCGPAQACM GGRCLHV^L 300 
*****.**** ********** ********* ********** ********** ******,*** 

FGPDSRHCPQ LPPPCAALWC SGHLNGHAMC QTKHSPWADG TPCGPAQACM GGRCLHMDQL 300 

Tsp Type I motif 

KDFNIPQAGG WGPWGPWGDC SRTCGGGVQF SSRDCTKPVP RNGGKYCEGR RTPFRSCNTK 360 
.********* ********** ********** ******,*** ********** **,******, 

QDFNIPQAGG WGPWGPWGDC SRTCGGGVQF SSRDCTRPVP RNGGKYCEGR RTRFRSCNTE 360 

, * 

DCPTGSALTF REEQCAAYNH RTDLFKSFPG PMDWVPRYTG VAPQDQCKLT CQARALGYYY 420 



PHGSALTF REEQCAAYNH RTDLFKSFPG PMDWVPRYTG VAPRDQCKLT CQARALGYYY 420 
** ****** ********** ********** ********** *** ****** ********** 



VLEPRVADGT PCSPDSSSVC VQGRCIHAGC DRIIGSKKKF DKCMVCGGNG SSCSKQSGSF 480 

******^*** ********** ********** ********** ********^* *^******** 

VLEPRWDGT PCSPDSSSVC VQGRCIHAGC DRIIGSKKKF DKCMVCGGDG SGCSKQSGSF 480 

KKFRYGYSDV VTIPAGRTHI LVRQQGGSGL KSIYLALKLA DGSYALNGEY TLMPSSTDW 540 

,*****«,.* ****** *** **«***,.* ,********, ********** *****.**** 

RKFRYGYNNV VTIPAGATHI LVRQQ6NPGH RSIYLALKLP DGSYALNGEY TLMPSPTDW 540 

LPGAVSLRYS GRTAASETLS GHGPLAQPLT LQVLVAGNPQ NVRLRYSFFV PRPVPSTPRP 600 

********** * ******** ********** ********** ,,«****«** ***,****** 

LPGAVSLRYS GATAASETLS GHGPLAQPLT LQVLVAGNPQ DTRLRYSFFV PRPTPSTPRP 600 

PPQNWLQRRA EILEILRKRT WAGRK 625 
^**^**^*** ,******,*, ***** 

TPQDWLHRRA QILEILRRRP WAGRK 625 

Fig. 1. Comparison of the mature form of ADAMTS-4 amino acid sequences. The amino acid residues for rat (top line) and human 
(bottom line) ADAMTS-4 are shown and have 92.3% homology, based on identical matches. Domains are denoted above the sequences 
by arrows. Zinc-binding motif Is underlined. 



sequence was first determined from size-fractionated human 
brain cDNA libraries [12]. Based on the sequence of the 
'mature form' (a form that excludes the propeptide; region 
after cleavage by furin, a serine protease responsible for 
processing of proproteins [19]) of human ADAMTS-4, we 
determined the sequence of this rat counterpart (rat 
ADAMTS-4) by polymerase chain reaction (PGR) (regis- 
tered in DDBJ/EMBL/GenBank with the accession number 
AB042271, AB042272, AB042273). The mature form of rat 
ADAMTS-4 has 625 amino acids and shares a 92.3% amino 
acid homology (87.7% nucleotide homology, data not 
shown) with the human protein (Fig. 1). The required 
sequence for furin cleavage in rat ADAMTS-4 revealed - 
R-R-T-K-R-F-A-S-. 

Aggrecan is the major and an essential proteoglycan of 
cartilage and is responsible for its compressibility and stiff- 
ness. The core protein of aggrecan, covalently binds to 
extensive glycosaminoglycans (GAGs), hyaluronic acid 
and link proteins to construct large aggregates, forming 



constituents of the extracellular matrix (ECM). This proteo- 
glycan is also distributed in brain under the dssue-specilic 
regulation on sulfate content and localization on the same 
GAG chains of the core protein [22]. 

Aggrecanase is responsible for cleavage at the Glu373- 
Ala374 bond of aggrecan core protein while matrix metal- 
loproteinases (MMPs) clip between Asn341 and Phe342, 
and the increase in aggrecanase activity is thought to play 
a key role in cartilage damage (see references in [24]). 
ADAMTS-4 (aggrecanase- 1) has been purified from IL-1 
stimulated bovine nasal cartilage conditioned media and 
shown to belong to a new protease family ADAMTS [24]. 
ADAMTS lack a transmembrane domain and contain 
carboxy thrombospondin motifs that are thought to be 
responsible for binding to GAGs that constitute the ECM 
[15]. In fact, a majority of ADAMTS-1 was shown to be 
associated with the ECM [14]. It is likely that this motif may 
also function in binding the enzyme to its substrate aggrecan 
for a quick remodeling of the ECM. 
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Fig. 2. Northern blot analysis of ADAMTS-4. Each lane contains 2 
p.g of poly (A)+ RNA isolated from untreated (U) and beta- 
amyloid (25 \lM) treated (A) rat astrocytes. The blot was hybri- 
dized with the random primed subtracted ADAMTS-4 cDNA 
probe, and exposed for 16 h. As an internal control, the blot 
was hybridized with G3PDH cDNA control probe (CLONTECH) 
and exposed for 3 h as shown. 

Expression of rat aggrecanase-l mRNA was induced in 
rat cultured astrocytes that were treated with Ap for 15 h. As 
shown in Fig. 2, the AP-induced level was about 8.1 -fold 
higher when compared with untreated cells, as quantified by 
the intensity of radioactive bands on a northern blot and 
normalized to those of the housekeeping gene, glyceralde- 
hyde 3-phosphate dehydrogenase (G3PDH, used as internal 
control; Fuji Film. BAS2000). The size of rat ADAMTS-4 
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Fig. 3. Tissue blot analysis of rat ADAMTS-4 mRNA expression. 
Each lane represents 2 ^.g of poly (A)+ RNA purified from heart, 
brain, spleen, lung, liver, skeletal muscle, kidney and testis. Rat 
multiple tissue northern blot was hybridized with rat ADAMTS-4 
cDNA probe and exposed for 72 h. 



mRNA was about 3.7 kb, which is smaller than its human 
counterpart that is reported to be 4.3 kb [1]. This size discre- 
pancy between the rat and human transcripts appears to 
result from variations in the untlanslated region or the 
propeptide region, because the numbers of nucleotides in 
the processed ADAMTS-4 region of both forms is identical. 
Next we determined the tissue expression profile of rat 
ADAMTS-4. Northern blots of poly (A)+ RNA extracted 
from rat tissues (CLONTECH) were hybridized with 
random primed rat ADAMTS-4 cDNA probe (Fig. 3). The 
transcript of rat ADAMTS-4 was detectable only in brain, as 
the 3.7-kb transcript, similar to the result from rat astrocytes 
mRNA in Fig. 2. The ADAMTS-4 expression seen in 
human lung and heart were not detectable in rat. Clearly, 
this gene is inducible by inflammatory stimuli (Fig. 2, lane 
A). Hence, other tissues from brain could also express this 
gene when neuroinflammatory phenomena occur and there 
is a possibility that at steady state rat ADAMTS-4 expres- 
sion in heart and lung is weaker than its human counterparts. 

In another study, although aggrecanase activity was 
shown to be increased by IL-1 treatment [1,10,24], it was 
not entirely clear whether ADAMTS-4 was transcriptionally 
up-regulated in an inflammatory state. We are the first to 
demonstrate that the synthesis of ADAMTS-4 mRNA is 
induced by Ap treatment. The Ag-induced elevation of 
ADAMTS-4 suggests that ECM degradation occurs in AD 
brain, similar to that in articular cartilage of arthritic 
diseases. Previous studies have demonstrated that in the 
brain of AD patients the activities of MMPs responsible 
for degradation of ECM are higher than those in controls 
[16], and that ECM degradation occurring in senile plaques 
is caused by enzymes derived from astrocytes [3]. Further- 
more MMPs were demonstrated to be induced in Ap-treated 
astrocytes [6], and in central nervous system (CNS) aggre- 
can is suggested to be produced by astrocytes [2]. Therefore 
astrocytes are likely to be the cells responsible for regulation 
of ECM remodeling in brain; a phenomenon that would 
extensively change the environment of neurons. 

The significance of ECM degradation induced by Ap 
treatment has not been ascertained clearly. There are several 
possible reasons why ADAMTS-4 expression may be up- 
regulated, as follows: (1) ADAMTS-4 degrades ECM to 
make immuno-responsive cells, microglia in brain, migrate 
and influx into the lesions in response to inflammatory 
chemotactic factors. (2) As with articular cartilage in 
arthritic diseases, inflammatory pathways appear to be 
continuously operational in the activated glias in AD 
brain. This sustained inflammatory stimulus may increase 
activity of ADAMTS-4 over normal levels. (3) It was 
previously reported that ECM components accumulated in 
AD brain [4,7,23]. ADAMTS-4 may be induced in response 
to this abnormal accumulation of ECM. 

In any case the increment of activity of this enzyme accel- 
erates degradation of the brain ECM. This could result in 
loss of scaffold for the essential localization and mainte- 
nance of a neuron and its synapse and lead to dysfunction 
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of intrinsic neural networks. ECM has also been suggested 
to play an important role in the regulation of cells mediated 
by release of bioactive fragments and growth factors, and 
adhesive signals [25]. ECM degradation in AD could create 
a deficiency of normal signals caused by these factors and 
lead to an exacerbation of the disease. 

The current study demonstrates that ADAMTS-4 is tran- 
scriptionally induced by Ap treatment and suggests that ECM 
degradation is promoted in AD brain. Consequently this may 
contribute to neuronal damage and development of chronic 
neurodegenerative disorders. Although additional studies are 
needed to distinguish the relative contributions of multiple 
neuroinflammatory phenomena occurring in AD brains and 
key factors in the progression of disease, ADAMTS-4 could 
be one critical factor in the exacerbation of neurodegeneration 
in AD. The regulation of the expression of ADAMTS-4 is 
likely to be important, as is the post-translational modification 
and maturation of this enzyme. A further understanding of 
ECM degrading enzymes including ADAMTS-4 and MMPs 
might lead to a therapeutic target in AD. 

We thank Ms Yuki Nagano, Ms Mitsumi Hata and Ms 
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Brief Screening Tests for the Diagnosis of Dementia: 
Comparison With the Mini-Mental State Exam 
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Abstract: Dementia is a common and under-diagnosed problem 
among the elderly. An accurate screening test would greatly aid the 
ability of physicians to evaluate dementia and memoiy problems in 
clinical practice. We sought to determine whether simple and brief 
psychometric tests perform similarly to the Mini-Mental State Ex- 
amination (MMSE) in screening for dementia. Using a retrospective 
analysis, a series of standard, brief, psychometric tests were compared 
with each other and to the MMSE as screening tests for very miid 
dementia* using DSM-UI-R criterion as the gold standard. Two in- 
dependent cohorts from the Baltimore Longitudinal Smdy of Aging 
and the Washington University Alzheimer^ Disease Research Center 
were evaluated. We found that two brief and simple-to-administer 
tests appear to offer similar degrees of sensitivity and specificity to 
the MMSE. These are the recall of a five-item name and address, 
"John Bi-own 42 Market Street Chicago" and the one-minute verbal 
tluency for animals. Combining these two tests further improves 
sensitivity and specificity, surpassing the MMSE, to detect dementia 
in individuals with memory complaints. 

Key Words; Blessed memory Uisk, dementia screening, verbal 
fluency, MMSE 

{Akheimer Dis Assoc Disord 2005;19:S -16) 
* 

Dementia is a common and often unrecogni:ded problem in 
the elderly.' \\'hile estimated prevalence rates for 
dementia have shown some variability,^ a prevalence of 20 
to 30% in the eighth decade of life has been reported in several 
large studies.'*'-'* While pharmacologic treatment of dementia 
has been somewhat limited* all patients should have an 
evaluation for reversible causes of dementia at the earliest 
possible stages, even though sijch reversible causes are not 
common.'"'* Moreover, the recognition of dementia in an early 
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Stage wotild alert family members and caretakers to the need 
for possible intCTvention in areas such as driving,^^^ house- 
hold activities,"'* and possible protection from financial 
predators. Since dementia has been shown to be a prime cause 
of long-term disability in the elderly,'*' its early diagnosis 
allows both the patient and the family to make decisions re- 
garding long-term health and financial matters at an earlier 
stage of the disease. Moreover, appropriate family interven- 
tions have also been shown to result in improved functionality, 
quality of life, and delayed nursing home placement in cariy- 
to mid-stage dementia. ' * From the point of view of the primary 
care physician, a diagnosis of dementia should modify the 
approach to comorbid conditions and prescription practices in 
these patients. 

While it may seem that a problem such as dementia 
should be self evident to the patient, family, and physician, 
multiple studies have shovm that all 3 parties, especially the 
physician, can be unaware of the problem in 40 to 70% of 
cases, especially if it is mild to moderate. Surprisingly, the 
degree of cognitive deficit that goes unrecognized often ex- 
tends to subjects with Mini-Mental State Examination 
(MMSE) scores in the mid teens.^''-^^ Compounding the prob- 
lem is the fact that patient complaints of memory loss in 
many cases are misleading^*' "^ "^ because most truly demented 
patients are unaware of their deficits. Reports of fiiniily members 
are usually good indicaton? of cognitive difficulties, but are often 
ab.sent in early to moderate stages of the disease. '"^^-^''^^ 

Physician surveys have indicated that many primary care 
physicians believe that screening for dementia is an important 
* goal-' but that time considerations prevent it.""^* In addition, 
a brief and reliable approach to the evaluation of patient 
complaints of memory loss is also desirable.'^' Se\'eral screen- 
ing tests have been designed to assess dementia. The most 
widely used is the Mini-Mental State Examination.^^'^^ 
However, in spite of its name and its value as a tool for 
following patients, the MMSE has not gained wide acceptance 
as a screening tool for "asymptomatic" patients or patients 
with suggestive signs of cognitive difficulties because it takes 
at least 5 minutes to perform, an unacceptably long duration 
for routine use in primary care practices, and requires paper 
and pencil to administer. Other tests that have been developed 
recently such as the "Seven Minute Dementia Screen"^^ im- 
prove on the sensitivity and specificity of the MMSE but take 
even longer to administer. The Memory Impairment Screen 
(MIS),"*® a test of fiee and cued recall, is somewhat shorter than 
the MMSE and has excellent published sensitivity and spec- 
ificity in moderately demented patients. This test must be 
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further examined in a group of mildly demented patients, those 
most likely to be living at home. However, it currently repre- 
sents the best charact^ized and most promising screening lool. 

We sought to evaluate and compare veiy brief psycho- 
metric tests as an alternative to the MMSE and MIS for 
widespread screening of dementia in older individuals and as 
a quick way to evaluate complaints of memory problems in 
this population. In this paper we demonstrate diat two brief and 
simple-to-administer tests appear to offer similar degrees of 
sensitivity and specificity to the MMSE. These are the recall of 
a 5-item name and address, "John Brown 42 Market Street 
Chicago'* (hereafter referred to as ihc Blessed Memory Test), 
and the 1 -minute verbal fluency test for animab. The sim- 
plicity and accuracy of these tests allov^' them to be used in 
a more widespread manner. 



METHODS 

Baltimore Longitudinal Study of Aging Cohort 

The Baltimore Longitudinal Study of Aging (BLSA) is a 
prospective study of the eflects of normal aging in conununily- 
dwelling volunteers and is conducted by the National Institute 
on Aging"* ^ and is also supported by the Johns Hopkins 
Alzheimer^ Disease Research Center. Studies of this cohort 
arc conducted under the auspices of the Johns Hopkins IRB, 
which has approved all indicated procedures. Currently, 2476 
subjects (1566 men, 910 women) have been enrolled in the 
BLSA since its inception \n 1957. As of January 2003, a total 
of 229 incident cases of dementia have been identified among 
BLSA participants. For our initial comparison of multiple 
screening tests, 101 of the 229 demented subjects \s'erc ex- 
cluded because of incomplete data. (In most cases this is due to 
the fact that they were early participants in the BLSA, before 
the current home evaluation was standardized.) An additional 
3 1 were excluded due to the severity of their dementia MMSE 
<15 or Clinical Dementia Rating >1 (CDR)^^ leaving 97 
subjects for this study. Of the 97 demented subjects, 93 were 
white and 4 were African American; 57 were men and 40 were 
women. CDRs were not required on all subjects for inclusion 
in this study as it was a late addition to the BLSA testing 
protocol. However, in demented subjects on whom it was 
performed (approximately 60% of subjects) a CDR score > 1 
served as an exclusionary criterion; 54 of the 97 demented 
subjects are/were enrolled in the BLSA Autopsy program. The 
diagnosis of dementia was made at a consensus diagnostic 
conference using DSM-HI-R criteria (1987).'''' At these con- 
ferences a full panel of neuropsychological tests and clinical 
data were available for review. No specific pattern of testing 
abnormah'ty was required for diagnosis, although DSM-lIl-R 
criteria had to be met. Dementia was further classified by 
diagnostic category with use of National Institute of Neuro- 
logic and Communicative Disorders and Stroke — Alzheimer's 
Disease and Related Disorders Association (NINCDS-ADR- 
DA)"*^ criteria for definite, probable, and possible Alzheimer 
disease (AD). An additional designation was used for 
participants who met clinical criteria for probable AD but 
did not complete neuroimaging or laboratory studies. These 
subjects were categorized as consistent with AD. 



Demented subjects with evidence of significant cere- 
brovascular disease by histoo', examination, or imaging were 
designated as vascular or mixed vasculai/AD dementia. Vas- 
cular dementia was defined usmg the State of California AD 
Diagnosdc andTrcatment Centers criteria.^' All subjects desig- 
nated as having vascular dementia met criteria for probable or 
possible vascular dementia. Of the 97 demented participants 
fi-om the BLSA used for this analysis, 67% were diagnosed 
with probable, possible, or consistent with AD, 13% were 
mixed ADA^ascular dementia, 8% were Parkinson^ disease 
with dementia, and 1 2% were dementia unspecified. 

To ensure that differences in the results of screening tests 
did not simply reflect the older age and lower educational 
status of demented subjects, we chose to match each demented 
subject by age and education to a randomly selected control 
subject, taken fiDra the same cohort as the demented subjects, 
using fi^ency matching.^ We divided the group into 7 age 
categories (each 5-year bins fi-om 70-105) as well 5 education 
categories making a total of 35 bins fiom which subjects in one 
group were randomly matched to those in the other (control or 
demented). The matched control subjects were selected from 
the 417 fully evaluated controls (93% white, 63% male) over 
the age of 70 in the BLSA who had complete neuropsycho- 
logical CN'aluations and were judged to be normal (CDRs were 
performed in 60% of this group and were required to be zero 
for inclusion in this analysis). Controls, like subjects, were not 
excluded if their CDR was not done. This control population is 
a 1 : 1 match rather than a 1 :2 match because of the lack of 2 
control subjects per demented subject in the older age range; 
237 of the 417 control subjects are/were enrolled in the BLSA 
Autopsy program. For demented subjects with multiple test 
iterations over several years, we used the firsi series of tests 
following or coincident with the diagnosis of dementia to 
evaluate patients in their mildest slate. For controls with 
multiple test iterations we used their last series of tests. An 
additional 107 participants in the BLSA had been labeled as 
having "mild cognitive impairment'* at the time of their 
evaluation (mean MMSE 27.2 ± 2.3) because of either mild 
informant memory complaints in the absence of significant 
abnormalities on memory testing (n = 58) or because of 
deficits in 1 or more cognitive spheres by testing and com- 
plaint but no fiinctional loss (n = 49). 

Washington University Cohort 

The Alzheimer's Disease Research Center (ADRC) at 
Washington University has been following a longitudinal 
cohort of mildly demented and non-demented control subjects 
since 1979. Studies of thi.s cohort were conducted under the 
auspices of the Washington University IRB, which has ap- 
proved all indicated procedures. The cohort includes data from 
419 mildly demented and 1 59 control subjects, drawn from die 
community; 33% of the sample is male and 87% are white. Of 
the demented group, 348 had both a CDR less than or equal to 
1 and a MMSE greater than or equal to 15 and were included 
in this analysis (all subjects in this cohort had C3)Rs). 
Approximatety 70% of these subjects, described previously in 
Morris and Price/^ Morris et al,**** Price and Morris,"** and Berg 
et al,*'^ fijlfill NINCDS-ADRDA criterion for "probable AD." 
The remaining 30% meet the criterion for "possible AD** on 
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one of two grounds: either they had another potentially 
dementmg disorder (the two most frequent by far are depres- 
sion and stroke) in addition to AD, or they had an atypical 
presentation (eg, prominent language disturbance). However, 
the primaiy dementing illness ^vas determined clinically to be 
AD in these cases and the course of dementia was charac- 
teristic for AD.^' Diagnoses were deteimincd by applying 
clinical diagnostic criterion for Dementia of the Alzheimer 
Type (DAT), as previously published. Subjects in this study 
had routine annual evaluations including a cognitive test 
battery that includes the 1 -minute verbal fluency test for ani- 
mals, the MMSE, and a modified Blessed, in contrast to the 
BLSA, the Washington University ADRC relied primarily on 
the CDR for clinical diagnosis, and used cognitive testing 
rather sparingly for diagnostic purposes. This cohort contains 
an excess of mildly demented participants compared with 
controls- Therefore wc randomly matched 1 59 control subjects 
by age and education using frequency matching as described 
above to a group of 1 59 mildly demented subjects (from a total 
of 348 mildly demented subjects) (MMSE -> 15, CDR <=1), 
most of whom had probable AD. 

Combined Cohorts 

Given the sLmilar results observed in the ADRC and 
BLSA cohorts and their overlapping testing and demographic 
variables, wc combined the two cohons for some analyses to 
allow greater statistical power and subgroup analysis: 378 of 
a total of 445 demented patients were matched by age and 
education to 378 controls using frequency matching. The 
matching was done across samples rather than just pooling 
matched samples. Sixty-seven demented patients were left out 
because of the lack of a suitable matched control. All mildly 
afTected subjects and age-appropriate (>70) controls in both 
cohons {445 demented; 613 controls) were included in a final 
unmatched analysis. 

Tests and Analyses 

At both sites, a standard version of the MMSE as 
described in Bums et al*-' was performed. In the BLSA cohort, 
the full Blessed Infonnadon-Memory-Concentration (BIMC) 
test was performed,*'*'^ while the Washington University ADRC 
cohort underwent the Katzman Short Blessed.^* Given the 
differences in these two forms of the Blessed, the delay 
between the encoding and recall of the Blessed Memory Test 
"John Brown 42 Market St Chicago" was about 2 minutes in 
the ADRC cohort and 4 minutes in the BLSA cohon. Par- 
ticipants were told that they were being asked to remember 
a person's name and address. After hearing the name and 
address, the participants were asked to repeat the phrase, and 
were told that they will be asked to recall it later. For recall, the 
participants were asked to recall the name and address they had 
ijeen given earlier, if no response was forthcoming, the patient 
was prompted witli "John BrowTi ... The use of a prompt 
did not change the scoring. One-minute verbal fluency for 
animals^*^ was determined by asking the participants to name 
all the animals they could think of in 1 minute. Fish, bL-ds, and 
insects were allowed. Scores for orientation to place and time 
(5 points each), 3-item recall (3 points), WORLD backward (5 
points), and interlocking pentagons (1 point) were extracted 



firom the MMSE. The 2-item day and date score was a subset 
of the total MMSE time orientation .score. Trails A and B were 
performed as described in Lezak.^^ Clockdrawing was scored 
as described in Bums et aL^*^ Months of the year backward was 
taken from the Blessed and scored as 0, i . or 2 depending on 
the number of errors made, and whether or not the participants 
self corrected. Cube drawing (copying) was scored as either 
correct or incorrect. Receiver operating characteristic (ROC) 
curves and 95% confidence intervals at different degrees of 
specificity were calculated for each test using MedCalc 
(Mariakcike, Belgium) sofhvare, version 7.0 (2002). MedCalc 
uses the principles for ROC curves described in Metr^ and 
Zweig and Campbell.^^ ROC curves were compared by testing 
the statistical significance of the difference between ie areas 
under the two ROC curves.^ Linear regressions, slopes, and 
correlation coefficients were calculated using NCSS software 
(Kaysville, Utah). 

RESULTS 

Sample characteristics are presented in Table 1. As 
shown in Table 2 and Figure 1 A. the three best and statistically 
identical tests for distinguishing mildly demented subjects 
from controls, using receiver operating characteristic (ROC) 
analysis in the BLSA sample, were the toUil score on the Mini- 
Mental State Examination, the 1 -minute verbal fluency for 
animals, and the ability to remember the 5-item Blessed 
Memory Test (John Brown 42 Market St Chicago). Moreover, 
at high degrees of specificity (90 and 98%) the tests displayed 
similar sensitivities (approximately 70 and 50%, respectively), 
suggesting thai 50% of .mildly demented patients could be 
detected using extremely brief screening tests with few false 
positives. Combining the Blessed Memory Test with the 
1 -minute animal fluency increased the sensitivity to 79% with 
a 98% specificity. Comparison of demented and control popu- 
lations without first matching to age and education modestly 
improved the sensitivity of all the diagnostic rests at each level 
of specificity (not shown). When we examined the Blessed 
Memory Task, the MMSE and the I -minute verbal fluency for 
animals in subjects from the BLSA cohort excluded because of 
CDR >1 or MMSE < \5 (n = 31; MMSE = 14.3 x 2.7) wc 
found all 3 tests performed well. Specifically, 3 or more errors 
on the Blessed Memory Task identified 29 of 31 subjects, 
a score of 23 or less on the MMSE identified 3 1 of 3 1 subjects, 
and a score of 8 animals or less in 1 minute identified 26 of 3 1 
subjects. 

To validate these findings, we examined another database 
of mildly demented subjects, obtained fix)m the Washington 
University Alzheimer's Disease Research Center (ADRC). As 
seen in Table 1, the mean MMSE and CDR of this population 
wens similar to the BLSA population although the age and ed- 
ucational backgrounds were somewhat different. In the ADRC 
population, 100% of subjects had CDRs. Again as shown in 
Table 3 and Figure 1 B, the results of brief psychometric testing 
on this cohort were almost identical to those obtained from the 
BLSA cohort, with the MMSE, 1 -minute verbal fluency for 
animals, and Blessed Memory Test showing similar sensitiv- 
ities and specificities. 

Tests that did not manifest the same sensitivity and 
specificit)' as the MMSE either by ROC analysis or by sensitivity 
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TABLE 1. 


Demographic Characteristics of the ADRC and BLSA Cohorts 






BLSA Matched Cohort 




Demented (a = 97) 




Control (n - 97) 




Age 


Eduoitjoi} MMSR 


CDR (n - 58) Age 


Edutsdon MMSE 


CDR (n » 52) 


84J ± 6.4 


16.6 ± 3.3 23.9 ± 3.1 


0.71 ± 0.24 83.8 .1:. 7.0 


17-0* 2.9 28.6+ 1.4 


0 


ADRC Matched Cohort 




Demented (n ~ 159) 




Control (n « 1S9) 




Age 


Edutsitioo MMSE 


CDR Age 


Education MMSE 


CDR 


78.5 ± 7.1 


14.3 ± 3.3 23.9 ± 3.5 


0.72 ± 0.25 78.0 r 8.1 


14.5 ± 3.2 2S.7 ± 1.6 


0 


BtSA plus ADRC Matched Cohort 




Demented (n » 378) 




Control (n « 378) 




Age 


Educadon MMS£ 


CDR Age 


Education >TMSE 


CDR 


79.8 ± 7.4 


14.8 ± 3.0 23.8 2: 3.6 


0.72 -i 0.25 79.5 ± 7.3 


15.0 ± 2.9 28.5 ± 1.6 


0 


BLSA plus ADRC Unmatcbed Cohort 




. Demented (n « 445) 




Control (n « 61 3) 






Education MMSE 


CDR Age 


Education MMSE 


CDR 


80.0 ± 7,3 


13.7 ± 3.7 23.5 ± 3,6 


0.75 ± 0.24 78.6 ± 7.0 


16.0 ± 3.0 28.6 i 1.5 


0 


BJLSA plus ADRC Matched Cohort^ Age SO or Above 




Demented (n 188) 




Control (n » 183) 




Age 


Education MMSE 


CDR Age 


Education MMSE 


CDR 


85.9 ± 4.6 


15.3 ± 3.0 23.4 ± 3.6 


0.76 ± 0.25 85.8 ± 4.2 


15.6 ± 3. i 28.3 ± 1.6 


0 


All data ire presented as the mean ± S.D. In (he Bl.SA cohort, the number of subjects in each category vtbo had a COR is also iodicatcd. Matched samples sigalfy dial demented and 
control subjects were maicbcd !:l widi regntd to age and education. 



at high specificity included the 3-item recall, clock drawing, and 
tests of orieniation including day and date. All have been 
reported to be reasonable screening tools (See Discussion). 

Since the results for the two cohorts and their demo- 
graphic characteristics were quite similar we combined them to 
allow more statistical power and subgroup analysis. To avoid 
bias in combining the cohorts we analyzed them in both a 
matched and unmatched fashion. As shown in Table 4 and 
Figures IC and ID when the participants in the two cohorts 
were combined, and the demented and control subjects com- 
pared in either a matched or unmatched fashion, the MMSE, 
1 -minute verbal fluency for animals, and Blessed Memory Test 
again show similar ROC curves. The Blessed Memory Test 
showed a higher sensitivity than the other tasks at very high 
levels of specificity. Combining the verbal fluency and Blessed 
Memoty Test (either one being positive constituting a positive 
screen) increased the sensitivity to over 70% with a specificit>' 
of 98%. Subgroup analysis (Table 4) showed that tlie 
advantages of the Blessed Memory Test, especially when 
combined with verbal fluency for animals, was also evident in 
the group whose age was 80 or above, those in greatest need of 
screening. 

To present the data from tlie BLSA cohort in a more 
"real world" context we examined the utility of the 3 tests in 
the setting of subjective memory complaints. As part of their 
yearly CDR evaluation starting in 1996. BLSA subjects were 
asked whether they thought there had been a significant 
change in their memory since their prior evaluation. Wc 
evaluated the results of testing in 143 subjects over the age of 



70 who responded affirmatively to the question of memory 
deterioration and were not previously knov^ to be demented. 
Concurrent neuropsychological evaluation revealed that 47 of 
these 143 subjects were mildly demented at the time of their 
complaint The MMSE identified 21 (45%) of these subjects 
with 1 false positive using a cutoff .score of 23, the Blessed 
Memor>' Test identified 29 (62%) with no false positives using 
3 errors as the cutoff value, and the 1 -minute verbal fluency for 
animals identified 26 (55%) with 2 false positives. The 
combination of 3 errors on the Blessed Memory Test and 8 
animals or less on the 1 -minute verbal fluency identified 39 
(83%; P < 0.01 compared with MMSE) of the demented 
subjects with only 2 false positives. 

In establishing a screening test for dementia one of the 
most important attributes would be that it be insensitive in con- 
tml subjects to the effects of age and education, the two items 
that most influence cognitive testing.*''** In that regard both the 
MMSE and the verbal fluency for animals show a modest but 
statistically significant eflect of age (MMSE slope = -0.06, 
= 0.08; Verbal Fluency slope = -0.2, ==0.09) and educa- 
tion (MMSE slope = 0.1, = 0.034; Verba; Fluency slope = 
0.22, R^ = 0,024) on test performance in non-demented controls 
(N = 613). In contrast, results from the Blessed Memory Test 
showed no effect of age (range 65-98) or education (range 
8-24 yre) on the results from control subjects. Moreover, the 
area under the ROC curve for the 3 tests as screening tools for 
dementia as well as tlieir sensiti\'ilics at 90 and 98% specificity 
showed no sex differences in the matched or unmatched pooled 
samples used in Table 4. 
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TABLE 2. BLSA Sample (97 Matched Subjects) 











Seosidvity ai 90% 


SeastdvHy at 98-99% 




AUC ± SE 


95% a 


Specificity (95% CD 


Speclilrity (95% CI) 


MMSH 


0.89 ± 


0.02 


0.84-«193 


72% (63 81) (<26) 


53% (44-63) (S23) 


John Brown err (Btessed) 


0,88 i 


0.02 


0.83-0.92 


66% (57- 75) (s2) 


54% (45^5) (5t3) 


Veibal aucncy (Animals) 


0.88 * 


0.02 


0.83-0.92 


72% (63-8 J) (^11) 


50% (40-60) (s8) 


Combined (JBE -^ Aniffwls) 








(87%; 88% Spec) (2, U) 


79% (70 86) (3, 8)** 


IVuils B 


0.K4 ± 


0.03* 


0.78-0.89 


56% (48^7) (>225 sec) 


40% (32-50) (>295 sec) 


Recall of 3 items (MMSE) 


0.8! ± 


0.03- 


0.75-0.86 


59% (50-68) (a!) 


37% (28-47) (n = 0) 


Orientation {Tiaic MMSE) 


0.80 ± 


0.03* 


0.74-O.85 


67% (57 76) (S4) 


37% (27-47) (s:3> 


Trails A 


0.79 ± 


0.03* 


0.73-0.85 


53% (.44 62) (>73 sec)* 


30% (21-39) (>91 scc.)» 


Day and dale (MMSF.) 


0.76 ± 


0.03* 


0.70--O.81 


55% (45-65) (<0 


25% (16 34) (0)* 


Combined (JBE -r Time) 










61%(5l-71) 


Clock drav-ing (3:25) 


0.77 ± 


0.03* 


0.71-0.82 


40% (30-50) (^6)' 


20% (12-29) (:S4)* 


Verbal fluency S 


0.72 i 


0.03* 


0,66-0.78 


42% (32-53) (is8)» 


14% (7-22) (=^5)* 


Orientation {Place MMSE) 


0.70 ± 


0,03* 


0.64-0.76 


N.A. 


24% (16-33) (=£3)* 


Months backward 


0.70 + 


0.03* 


0.64-O.77 


40% (31-50) (2Ei Uncorrected 
Errors)* 




Cube drawing 


0.64 ± 


0.04* 


0.58-0,71 


N.A. 


N.A. 


Interlocking pentagons 


0.64 ± 


0.04* 


0.57-0.70 


N.A. 


N.A. 


Worid backward (MMSE) 


0.64 ± 


0.04* 


0.58-0.70 


38% (27-46) (<4)* 


V3%(7-2I)(:S2)* 



Area under the ROC curve (AUC) and 95% confidence intervals for that area for each of the iinlicaicd tcsK with r^dsd to a diagnosis of dementia for 97 matched (age and education) 
control anddOTiMtcd subjects from ihcHLS A are indicated. Also shown is the sensiiiviiyofeach of the tests for the diagnosis ofdemeatta at 90 and 98% spccincity.NA. implies that the 
ttst did not reach the indicated level of.spccificily. 'Implies that diSercnocs bew-oen the indicoied test and the MMSE is significant at ihe /» < 0.05 \evc\. 



DISCUSSION 

We have examined a series of simple psychometric tests 
for their ability to serve as screening tests for dementia in 
patients with mild disease. Given that patients with the mildest 
form of the disease are the ones most likely to be living ai home 
autonomously and visiting their primary care physicians/*^***^ 
screening tests should be targeted to that population. In that 
regard, our 2 data sets represent the noildest cohort of patients 
(judged either by MMSE and/or Blessed) to be examined with 
a range of screening tools. The sctisitivily of both the Blessed 
MenK)ry Test and the 1 -minute verbal fluency for animals for 
detecting dementia in this group is appmximately liWo at 90% 
specificity and 50% al 98% specificity. While these numbers do 
not represent an ideal test given the sensitivity values, these tests 
are at least as good as and much quicker than the MMSE, the 
most widely used test for screening for cognitive impairment. In 
addition, unlike the MMSE, the Blessed Memory Test and the 
1 -minute verbal Haency for animals do not require any specific 
form to administer. Ciivcn the almost complete lack of screening 
for dementia on the part of primary care pl^iciaiis ""^^ our 
results show that this task, can be accomplished quickly with 
a significant yield of patients who would often go undetected. 
Given the prevalence of this problem in patients in their 80s, 
this would represent a significant improvement over current 
practice. It is our contention that dementia screening tests for 
asymptomatic patients should emphasize ease and high 
specificity al the outset (which is why we chose to examine 
the sensitivity of these tests at 98% specificity) to encourage 
dieir use. In that n?gard, using tests at die highest level of 
specificity (3 or more errors on the Blessed Memory Test or 8 or 
less animals on the verbal fluency test) would be reconunended. 
Given a prevalence of 20%, a positive screen at a 98% 

12 



specificity and 50% sensitivity has a positive predictive v-alue of 
80%, while at a specificity of 90% and a sens)tivit>' of 70% 
a positive test has a positive predictive value of only 56%. In 
either case further evaluation would then be to confirm the 

diagnosis of dementia and determine its cause. 

If increased sensitivity is desired^ combining the Blessed 
Memory Test with the 1 -minute verbal fluency for animals is 
a good approach, as ii adds only 1 minute to the evaluation and 
substantially increases the sensitivity. In addition, the verbal 
fiuency for animals task can serve as a useful disu:action when 
administered between a patient's inrunediate recall of the 5- 
item Blessed Memory Test, and delayed recall of those items 
(see below). 

In subjects with a higher pretest probability of dementia 
such as those with concerned family members or erratic 
behavior, a more sensitive but less specilic cutoff such as 2 
mistakes on the Blessed Memoiy Test or 11 or less animals in 
1 minute (both wilh 90% specificity) might be more 
appropriate. Of note, our cutofT of 8 animals in 1 minute for 
screening purposes (98% specificity) differs signifjcanUy from 
what is considered "abnormal" (>12) in the Boston 
Diagnostic Aphasia Battery.*' Indeed less than J 2 in our 
database (Table IX results in a specificity of 90% with 70% 
sensitivity. It is only when specificity of 98% or better is 
sought that the value of 8 emerges. 

We examined the characteristics of demented subjects 
who would go undetected using the combination of the 
Blesjicd Memor>' Task and the 1 -minute verbal fluency for 
animals at 98% specificity (3 or more Blessed errors, 8 animals 
or less). The mean MMSE of this group was 27.1 ± 2.6 and the 
mean CDR was 0.58 ± 0.13. Identifying this group would 
represent a daunting task for any screening procedure. A 
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FIGURE 1. Sensitivity and specific- 
ity for the diagnosis of demeniia of 
the MMSE, 1 -minute verba! fluency 
for animals, and 5-ltem recall "John 
Brown 42 Market St Chicago" are 
presented In the form of ROC 
cun/es. A is the BLSA cohort, B 
the Washington University ADRC 
cohort, and C Is the two* cohorts 
combined. In A to C, demented 
and control subjects were matched 
for age and education. In D, the 
t^^'o cohorts are combined without 
regard to age and education. None 
of the differences in the curves are 
statistically significant. 
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similar pnoblem was seen in evaluating subjects in the BLSA 
labeled as mild cognitive impairment (MCI; n = 107), 
a category of patients with lesser cognitive problems and 
no Functional impairment. This group bad a mean MMSE of 
27.2 ± 2.3. Alternative strategies will be needed to identify this 
group. However, given their lack of functional impairment and 
the absence of disease-modifying therapy, the need to identify 
these subjects is less acute. Practice-based studies indicate the 
prevalence of undiagnosed frank dementia in primary care is 
large and is a reasonable place to start. 

In addition to the MMSE, two other tests have been 
proposed as screening tests for dementia. The first, called Ihe 
MiniCog,^ uses a combination of clock drawing and 3-item 
recall. Given that both performed at a significantly lower level 
than the Blessed Memory Test and animal fluency, it would be 
hard to envision their combination to be superior. A second 
screening test with published sensitivity and specificity is the 
Memory Impairment Screen (MIS)."*^ Directly comparing our 
results with those published for the MIS is not possible at this 
point since our demented population was far less impaired 
(Mean Blessed of 14.7 (MIS) versus 8.8 (current study)) and 
our analysis included a greater number of examined subjects. 
A direct comparison of the two tests in a prospective study 
should be considered. 

© 2005 Lippincoti miliam & Wiilans 



The value of the two tests we have identified as potential 
screening tests for dementia stem from their intrinsic prop- 
erties. The Blessed Memory Test is internally cued since the 
subjects are asked to recall a name and address, the same 
stimulus they are given when the plirase is initially encoded. 
This type of encoding has been shown to be e.specially useful 
for detecting memory loss in demented patients.^^'^ Moreover, 
the value of category fluency in the diagnosis of dementia, 
perhaps because of its dependence, in part, on temporal lobe 
structures, is known to be superior to both letter fluency and 
naming in the diagnosis of dcmentia."^'*^* Like other recent 
studies^ we found that clock drawing**' and 3- word recalP'* 
were not particularly good as screening rests for the mildest 
stages of dementia. 

One limitation of the current smdy is its lack of pro- 
spective design. Designing such a study, comparing The 
Blessed Memory Test and verbal Huency to other screening 
tests should be considered. However, the lack of such a study 
should not dissuade primary care doctors from screening for or 
evaluating dementia using diese brief tests. The results for both 
are robust and hold up in two independent and different 
databases. It should be pointed out that a positive screening 
test does not make a diagnosis of dementia and should be 
evaluated further with a x'alidated test such as the 7-minute 
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TABLE 3. Washington University APRC Sample (159 Matched Subjects) 





AUG 


±SE 


95% a 


Sensitivity at 90% 
Speclfleity (95% CJ) 


Sensitivity at 98-99% 
Specificity (95% CI) 


MMS£ 


0.88 ± 


0.02 


0.84-0.91 


73% (66-80) (:S26) 


45% (37-52) (^23) 


John BroMfD enois 


0.86 ± 


0.02 


0.82-0.90 


65% (57-72) (£2) 


55% (46-62) (2:3) 


Verb&l fhiency (Animals) 


0.87 ± 


0.02 


0.83-0.90 


67% (61-75) (sj}) 


48% (40-54) (:S8) 


Combined (JBE + Animals) 








(85%; 86% Spec) (2, 11) 


68% (60-74) (3,8) 


Recall of 3 items (MMSE) 


0.81 ± 


0.02* 


0.77-0.84 


56% (48-63) {&!)• 


36% (29-44) (0)* 


OrientaHon (Tunc MMSE) 


0.78 ± 


0.03* 


0.73-0.82 


60% (53-6S) i^A) 


42% (34^50) (<3)* 


Day and date (MMSE) 


0.77 ± 


0.02* 


0.72-0.81 


62% (54 -69) (^1) 


26% (20-32) (^0)* 


Combined (JB£ -i- Time) 










62% (55-71) (3, 3) 



Area under the RDC curve (AUC) and 95% amfidence intervah for that atea for each of the mdica:ed tests with rejsnl to a diagmwif of dementia 
education) control and demented subjects from d» Washington Uazve^^ A Iso shown is the sensitivity ofeach of Ibctesafhr die ~ 

98% specificity. 'Implies that diffeiettces between the indicated test and die MMSE is significant at the /> < O.OS level 



for 159 matched (age ssd 
of dementia at 90 and 



dementia screen'* or similar diagnostic schemes,^ which as- 
sess the multiple spheres necessary to establish a diagnosis of 
dementia. Moreo\'er, an inquiry to the appropriate family 
members^^'^'* can be used to bolster a diagnosis of dementia or 
the patient could be rcferred to a memory disorders clinic. 

Another limitation of the current study relates to the 
education level of our participant sample. Our study sample 
was decidedly skew-ed toward Caucasian subjects with 
education levels ranging from high school to post doctoral 
work. Even though our data suggest that the Blessed 
Memory Test showed no correlation between performance 
and educational background, the test should be further 



evaluated in a broader sample of patients with lower 
education levels and a broader cultural and ethnic back- 
ground. In that regard Dufif Canning et al*^ have recently 
published data on a cohort of control and mildly demented 
subjects with considerably less education than our cohort, 
showing, as we have, that verbal fluency for animals (but not 
letter fluency) is a good discriminator of demented versus 
control subjects. Other tests such as the Blessed were not 
examined by Duff Canning and colleagues. In an accompa- 
nying editorial, Cummmgs'* suggested that the use of 
fluency for action words might be useful for the diagnosis of 
Frontotemporal Dementia. 



TABLE 4. ROC Curves for Dementia Screening Tests 



Total Matched Sample (378 Demented; 378 Controls) 



MMSE 

John Brown errors 
Verbal Huency (Animals) 
Combined (JB£ + Animals) 
Oricatafion (Time VJMSE) 

Combined (JBE - Tinie) 
Recall of iteius (MMSE) 



0.89 ± 0.01 
0,88 ± 0.01 
0,86 + 0.02 

0.78 ± 0.01* 

0.78 ± 0.01* 



0.87-0.9J 
0-86-0.91 
0.83-0.83 

0.76-0.81 



73% (68-77) (^26) 
72% (67--76) (.2:2) 
66% (61-71) (< 1 1) 

N.A. 
65% (61-70) (<4) 



0.75-0.80 57% (52-61)* (srl) 



Total Unmatched Sample (445 Demented; 613 Controls) 



0.91 0.01 
0.88 ± 0.01* 
0.88 ± 0.01* 

0.80 ±0.01* 

0.30 ± 0.01* 



MMSE 

John Brow'n errors 
Verbal fluency (Animals) 
Combined (JBE -r Animals) 
Orientation time (MMSE) 
Combined (JBE + Tunc) 

Recall of 3 items (MMSE) 0.30 ± 0.01* 0.78-0.83 54% (50-58) (£=!)* 
Combined Matched SEanple Age 80 or Above (188 Demented: 183 ControJ.s) 

MMSE 0.90 ± 0.01 0.86-0.92 75% (69-81) (s26) 

John Brown errors 0.88 Z 0.01 0.84-0.90 73% (66-79) (s2) 

Verbal fluency (Animals) 0.86 ± 0.02 0.83-O.90 7 1 % (65-78) (:S 1 1 ) 

Combined (JBE + Animals) 87% (77-94) (2, 1 1) 

Oricmation time (MMSE) 0.83 ± .02* 0.80-0.87 73% (67-80) (<4) 
Combined (JBE Time) 



0.89-0.93 
0.86^3.90 
0.86-0.90 

0.78-0.83 

0.78-0.83 



76% (72-80) (<26) 
72% (68-76) (2:2) 
68% (63-72) (2sn) 

N.A. 
66% (62-70) (1S4)* 



44% (39-49) (^23) 
57% (52-62) (^3)* 
44% (39 -48) (^8) 
7i% (66-75) (3. 8)* 
42% (37-47) (^3) 
63% (58-68) (3, 3)* 
N.A. 

48% (44-52) (£23) 
57% (53-^2) (2:3)* 
46% (4t-50) (:s8) 
73% (68-76) (3, 8)* 
45% (40-50) (S3) 
66% (6i-70) (3. 3)* 
34% (30- 38) (0) 

46% (40-54) (:S23) 
62% (55^8) (2:3)* 
50% (43-57) (:S8) 
76% (69-81) (3, 8)* 
47% (40-54) (^3) 
69% (62-76) (3, 3)* 



Results of the ROC curves for various dementia screening tests generated by combining the cohorts of the BLSA and ADRC in 
a niiitched ot unmatched fashion are shows. Also shown is ihe sensiuvity of each of the tests for the diagnosis of dementia at 90 and 98% 
specificity. * Implies that the indicated test is superior to the MM$£ at the < 0.05. N. A. implies that the test did not reach the indicated 
level of specificity. 
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An additional matter worth discussing is the role of the 
recaii delay and method of distraction performed as part of 
the perforaiance of the Blessed Memory Test and its effect on 
die time required to perfonn the test. The two different datasets 
used slight variations on the test The BLSA subject popu- 
lation used a 4-minute delay between encoding and recall, 
while the ADRC cohort used a 2-minute delay between en- 
coding and recall. Each cohort included different psychomet- 
nc tests between the encoding and recall of the memoiy test 
The results of the test in the two populations were identical, 
implying that the exact amount of time delay and the exact 
content of the distraction do not appear critical. For this test to 
be uoily useful to the primary care physician, the distraction 
between encoding and recall would n^ to be quite flexible, 
and include testing of verbal fluency for animals, if an in- 
creased sensitivity is desired, as well as standard inquiries 
about specific m^cal conditions or the general health of the 
patient if die most efficient use of the test is desired In spite of 
these flexibilities, a minimum delay between encoding and 
recall of 2 minutes should be observed, in actual practice the 
time between encoding and recall could be used for something 
other than the test, such as history taking, decreasing dramat- 
ically the actual time specifically devoted to the test Moreover, 
our data from BLSA participants do not show any evidence for 
a priming effect in control patients with repeat administration 
(not shown), an observation similar to that published by 
Davous et al,'^ who examined the effect of rctesting on com- 
ponents of the Blessed, in that regard the test should be ap- 
propriate for serial examination of subjects over time. 
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The definition of clinical criteria for clifferemial diagnosis of Vasculaj- Demen- 
tia (VaD) and Alzheimer's disease (AD) remains controversial, A large group 
of patients selected was affected by chronic cerebn) vascular disease classified 
as VaD or not (VND), according to DSM IV criteria. Neuropsychological per- 
formances of VaD patients were compared with a group of patients affected by 
probable AD, matched for age, education, and severity of disease. The comparison 
of performances did not reach statistical significance in single neuropsychological 
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casks. The results suggest thai neuropsychological examination might not clearly 
differenttaie bctv^'cen VaD and AD patients: the similur pattern of cognitive 
impairment is probably indicative of several common patnogcnciic mechanisms. 

Keywords Alzheimer's disease* differentia] diagnosis, neumpsychology, vas- 
cular dementia, vascular risk-fuctors 



INTRODUCTION 

Vascular Dementia (VaD) is traditionally considered a clinical syndrome of 
acquired cognitive impairmeni resulting from cerebral damage due to cere- 
brovascular etiology related to different mechanisms (Roman et al., 2002). 
VaD is the second most common type of dementia and its clinic-pathological 
classification includes different subtypes (Roman et al., 2002). 

Despite the considerable degree of accuracy in diagnosing Alzheimer's 
disease (AD), the clinical differentiation with VaD and mixed dementia re- 
mains a matter of controversial opinions and one of the most challenging 
diagnostic issues. 

Some previous studies stated that the cognitive deficits in VaD are dif- 
ferent from AD especially for the domains of memory (Villardita» 1993; 
Tierney et ai., 2001), attention/executive functions (Starkstein et al., 1996), 
and language {Powell et al. 1998). Indeed, other prior studies have failed to 
identify significant differences in these cognitive domains between VaD and 
AD paiienLs (Almkvist et al., 1993; Rao & Howard, 1998). A recent neurop- 
sychological study (Traykov et al., 2002) comp^iring two groups of patients 
affected by VaD and AD concluded thai there were differences especially 
related to the executive functions, the latter markedly impaired in VaD as 
compared to AD, whose language function and non-verbal memory resulted, 
on the opposite, as more significantly damaged. Another neuropsychological 
comparison of two matched groups of patients with AD and VaD reported 
that language function and non-verbal memory performances were selec- 
tively more impaired in AD and that VaD patients performed better on the 
Trail Making Test (B) suggesting that, at variance with previous studies, 
there was no poorer performance on indices of frontal executive functioning 
in VaD (Baillon et al., 2003). These contrasting results further support the 
conclusion reached in some previous studies that reliable neuropsychological 
differentiation between VaD and AD is not possible (Almkvist et al., 1993). 

AD is the most frequent form of primary dementia in the elderly popu- 
lation and its pathogenesis is only partially understood. 
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It is now recognized that subjects with cardiovascular risk factors and a 
clinical history of stroke have an increased risk of both VaD and AD (Hofman 
et al., 1997: Snowdon ct al., 1997; Breteler et al., 2000), 

On the other hand, in cerebrovascular patients diabetes mellitus, silent 
infarcts, and prior stroke have been amsidered relevant clinical determinants 
In the onset of VaD (Desmond ci ah, 2000). 

In order to investigate further the differential pattern of cognitive impair- 
ment, if any, in VaD and AD patients a clinical and neuropsychological 
study was carried out, which identified Vascular Deraenda in a selected group 
of patients affected by chronic cerebrovascular disease and assessed their 
neuropsychological performance in comparison with that of a selected group 
of matched patients affected by Probable AD. 



SUBJECTS AND METHODS 

After institutional review committee approval and informed consent the fol- 
lowing two groups of patients were included: cerebrovascular (CV) and AD 
patients. 

CV were recruited from a larger group of patients with definite ischemic 
stroke admitted to the Neurology Department of the authors* Institution inde- 
pendently from evidence of cognitive deterioration. 

Inclusion criteria of CV were the following: 

a. previous clinical history of ischemic stroke; 

b. focal neurological signs; 

c. no history or evidence of major depression; 

d. risk factors for cerebrovascular disease; 

e. brain imaging showing ischemic lesions (two or more areas of infarction). 

A total of 74 subjects (47 men and 27 women) were included in the study. 
Demographic data of enrolled subjects are reported in Table ]. 

Patients affected by severe aphasia were excluded from the study be- 
cause of the limitations on their cognitive assessment; visual or hearing im- 
pairment, sub-arachnoid or intraparenchimal haemorrhage* cerebellar stroke, 
and absence of neuroimaging data were otlier criteria of exclusion. 

CV were classified into vascular demented (VaD; n = 37) and vascular 
not demented (VND; n = 37) subgroups; the diagnosis for dementia syn- 
drome was made according to diagnostic criteria of DSM-IV. The criteria for 
the diagnosis of Vascular Dementia (VaD) were those of the International 
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Patients 



Demographic 


Cerebrovascular 


Vascular 


Va.scular 


Alzheimer 


data and 


disease 


not-demented 


dcmcjiicd 


disease 


MMSE score 


(n =: 74) 


(n = 37) 


(n = 37) 


(n = 17) 


Mean ago ± SD 


71 ±8 


70 ±8 


72 = 8 


68 ± 7 


Years of education 


7±4 


8±4 


6±4 


9±5 


Males, n {%) 


47(62.67%) 


28 (75.679b) 


19 (51.35) 


9 (52.94%) 


Females, n (%) 


27 (37.33%) 


9 (24.32) 


18 (48.65) 


8 (47.06%) 


Mean MMSE ± SD 


21.19 ± 5.73 


24.46 ± 4.44 


17.92 ± 5.99 


17.23 ± 5.24 



Classification of Disease. Tenth Revision (ICD-10) (World Health Organiza- 
tion, 1992). 

AD patients (n = 17) were selected according to the NINCDS-ADRDA 
diagnostic criteria for probable Alzheimer's Disease (Mc Khann et al., 1994). 

AD patients were selected to match the VaD patients on severity of 
cognitive impairment as assessed by the MMSE. 

Neuroimaging showed diffuse and symmetrical brain atrophy for all AD 
patients. Mean age and educational level of each group of enrolled patients 
were not statistically different. 

For each patient the main vascular risk-factors were classified into an- 
amnesuc, laborator>'. and clinical factors (see Table 2). 

Ischemic stroke was classified according to its mechanism as probably 
embolic (e.g., atrial fibrillation, cardiac valve pathology, or other cardiac 
embolic source) or probably thrombotic. 

L(x:ation of stroke (right, left or bilaterjil) and atrophy (focal or diffuse) 
were also taken into account. 

All patients underwent a neuropsychological assessment in order to ex- 
plore a wide range of cognitive functions (Caltagirone ei al., 1979). 

The neuropsychological tasks included tests of memory, abstract think- 
ing, praxis, executive, and visuo-spatial functions. Verbal memory functions 
were evaluated in the short- and long-term components using Rey*s 15 words 
memory test (immediate and delayed recall and recognition). 

Visual memoA' was assessed by a te.st of immediate visual memory and 
the memory's reproduction iifter 3 min of Rey-Osterrieth's figure. Raven's 
Colored Progressive Matrices were used to assess abstract thinking and visuo- 
spatial intelligence. Working memory was studied using digit and spatial spans 
in the forwaid and backward modalities. Spatial span was evaluated using 
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Table 2. Distribution of anamnestic, laboratory and clinical risk-factors for cerebrovas- 
cular disea.se in VND and VaD 



Risk factors VND in = 37/74) VaD (n = 37/74) p 



Anamacsric: n (%) 



Familiarity for va.sca]opathy 


6 (16.2) 


i I (29.7) 


0.1216 


Arterial hypertension 


24 (64.9) 


28 (75.7) 


0.2528 


Diabetes 


10 (27.0) 


11(29,7) 


0.7965 


Hyperchol csiero lemy 


16(43.2) 


16 (43.2) 


1. 0000 


Cigarette smoking 


10 (27.0) 


5 (13.5) 


0.1609 


Myocardial infarction 


6 (16.2) 


3(8.1) 


0.2710 


Auial flbrillaiion 


5(13.5) 


5(13.5) 


0.8173 


Prior Tl A 


10 (27.0) 


1 } (29.7) 


0,7954 


Prior ischemic stroke 


16 (43.2) 


26 (70.3) 


0.0256 


^boratory: mean (SD) 








Haematocrit 


43.26 (0.00) 


39.31 (4.04) 


0.1616 


Thrombocytes count 


199.98 (37.87) 


218.71 (93.24) 


0.5219 


Glucose 


110.00 (19.39) 


106.09 (38.51) 


0.6992 


Cholesterol 


249.85 (59.32) 


206.71 (34.51) 


0.0046 


Tryglicerides 


126.00 (107.38) 


150.78 (109.20) 


0.5365 


Clinical: n (%) 








Focal .signs 


21 (56.8) 


30 (81.1) 


0.0134 


Pyramidal 


1 1 (29.7) 


18 (48.6) 


0.0768 


Extrapyramidal 


5 (13,5) 


\6 (43.2) 


0.0078 


Cerebellar 


S (2 J. 6) 


7 (iS.9) 


0.8180 


Sensory deficits 


13 (35.1) 


2i (56.8) 


0.0470 


Sphincter! al troubles 


7 (18.9) 


10 (27.0) 


0,3706 


Gail impairment 


1 1 (29.7) 


13 (35.1) 


0.5617 


Primitive signs 


16 (43.2) 


18 (48.6) 


0,5629 



Corsi's blocks forward and backw<u-d tests. Constructional functions were 
assessed by the reproduction of a geometrical figure representing a cube and 
the copy of Rey-Osterrieth's complex figure test. Motor control, ideomoior, 
and bucco-facial praxis were based on geslures-to- verbal command md imita- 
tion. The temporal rules induction test (Villa el al., 1995), Stroop*s test, verbal 
control tapping, and verbal fluency were used to assess executive functions. 
Visuo-spatial functions were assessed by simple and double barrage. 

Statistics 

Fisher exact one-tailed test was used for comparison of frequencies = 1-3, 

Yates corrected Chi-square for comparison of frequencies = 4-5 and test 
{df = 1) for frequencies >5. One way Analysis of Variance (ANOVA) was 
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used for contimious data. Statistical significance was obtained with Bonfenoni's 
correction. 

Statistics were calculated using "Statistic for windows," release 4,0 of 
StatSoft. 

RESULTS 

Anamnestic, laborator>', and clinical vascular risk-factors were not statisti- 
cally different for VaD and VND subgroups (see Table 2). 

Neuroradiological data showed that there were no significant differences 
in location of focal vascular lesions between VaD and VND patients. 

The neuropsychological performances obtained by VND, VaD, and AD 
groups (see Table 3) were analyzed by means of one-way ANOVA (signifi- 
cance at a level of p < .0012). 

One-way ANOVA analysis between VND and VaD patients demonstrated 
significant statistical differences in all the neuropsychological tests adminis- 
tered with the exception of oral praxis. Vice versa one-way ANOVA analysis 
between AD and VaD patients (level of significance: p < .0012) did not 
reach significative differences in any task. 

DISCUSSION 

The results of the present study showed no clear-cut difierences comparing 
the cognitive performances of the two groups of VaD and AD patients. The 
comparison of these results with tliose obtained by previous studies was hampered 
by the heterogeneity of the neuropsychological tests used in different studies. 
However, among previous studies reporting some significant differences, pa- 
tients affected by VaD did better than AD patients on a task of recognition 
memory (Tierney et ai., 2001), whereas a recent study reported a significant 
frontal dysfunction in VaD in comparison with AD (Traykov el a)., 2002). 
The latter result has been recently questioned by other authors (Baillon et al., 
2003). 

The present results confirm previous neuropsychological studies (Almkvist 
et al., 1993; Rao & Howard, 1998) that already found no significant detect- 
able differences between VaD and AD. 

There are three possible inteipretations of these results: (1) neuropsy- 
chology is not sufficiendy adequate to discriminate between these two sepa- 
rate forms of dementia; (2) the similarity of the pattern of cognitive impair- 
ment is probably underiain by AD and VaD also sharing several common 
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Table 3. Neuropsychological performances of Vascular not-demented (VND) Vascular 
Dementia (VaD) and Alzheimer Disease (AD) pariems 



Ncurc psychologic al 








p 


p 


performance 


VND 


VaD 


AD 


VND 


VaD 


Mean of scores 


(n - 37) 


{n = 37) 


in = 17) 


vs. VaD 


vs. AD 


MMSE 


26.44 


17.91 


17.23 


0.0000* 


0.6474 


Visual memory 


17.08 


11.70 


14.06 


0.0000* 


0.10.32 


Digit span forward 


5.44 


4.40 


4.41 


0.0003* 


0.9816 


Digit span backward 


3.20 


1.86 


2.25 


0.0000* 


0.2534 


Spatial span forward 


4.33 


3.03 


3.43 


0.0000* 


0.3155 


Spatial span backward 


3.75 


2.28 


2.62 


0.0000* 


0.5099 


Word Huency: phonological 


21.70 


9.25 


13.73 


0.0000* 


0.1145 


Word fluency: semantic 


13.52 


9.82 


9.78 


0.0000* 


0.9815 


Raven*s Progressive Matrices 


19.27 


12.05 


15.86 


0.0000* 


0.0646 


Rey's 15 mots: short term 


26.78 


17.24 


16.26 


0.0000* 


0.6549 


Key's 15 mots: recall 


4.13 


2.21 


0.73 


0.0000* 


0.0194 


Rcy's 15 mots: recognition 


85,40 


75.02 


73.31 


0.0000* 


0.7515 


Temporal rules induction 


28.15 


18.40 


24.20 


0.0000* 


0.1036 


Ideomotor praxis 


18.92 


17.38 


16.59 


0.0000* 


0.2890 


Oral praxis 


19.03 


18.23 


18.43 


0.0043 


0.7739 


Cube copy 


2.73 


1.58 


2.18 


0.0000* 


0.0751 


Copying drawings with landmarks 


18.24 


13.51 


14,62 


0.0000* 


0.5606 


Line cancellation: number 


58.42 


56.83 


55.62 


0.0000* 


0.6771 


Line cancellation: execution time 


72.43 


123, n 


68.07 


0,0003* 


0.0761 


Doubte barrage: accuracy 


90.30 


76.03 


77.87 


0.0000* 


0-77.55 


Double barrage: execution time 


132.05 


170.81 


177.57 


O.O(KM)-^ 


0.8770 


Rcy*s figure: copy 


25.50 


12.23 


15.82 


0.0000^ 


0.3029 


Rey's figure: memor>' execution 


9.32 


3.88 


2.25 


0.0000* 


0.1995 


Go 110-450 


8.41 


4.86 


5.28 


0.0000* 


0.7M3 


Stroop ;esi: number of errors 


2.68 


8-58 


9.50 


0.0000* 


0.7842 



♦Statistical significative at a icvei of p < .0012, 



pathogenetic mechanisms; (3) both previous hypotheses conlribute to explain 
the present data. 

The present results showed that anamnestic, laboratory, and clinical risk- 
factors did not result in statistical difference between VaD and VND sub- 
groups. Therefore, other factors and their related pathogenetic mechanisms 
necessarily exert a critical role in the clinical onset of VaD. It is now recog- 
nized that subjects with cardiovascular risk factors and a clinical history of 
stroke have an increased risk of both VaD and AD (Hofman et al., 1997; 
Snowdon et al, 1997; Breteler, 2000). 
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The role of specific vascular risk-factors such as hypertension in the 
pathogenesis of AD in later life has been recently outlined (Forette et ai., 
1998; Kivipelto et ai.. 2001). A very high sysiolic or very low diastolic blood 
pressure seenos to increase the incidence of AD (Qiu et al., 2003). 

Other pathogenetic factors potentially involved in the clinical manifesta- 
tions of dementia could be the reduced cerebral synaptic reserve that has 
been already considered crucial in the appearance of dementia among pa- 
tients with cerebrovascular disease (Loeb & Meyer, 1996). 

The critically attained threshold of cerebral hypoperfusion has been sug- 
gested as an important factor in the pathogenesis of AD (de la Tone, 1999; 
2002). 

The clinical onset of dementia in the elderly has been also related to the 
presence of a pre-existmg cogmtive decline referred to AD pathology and the 
clinical appearance of dementia could be viewed as a synergistic effect of 
degenerative and vascular lesions of the brain (Zekry et al., 2002). 

On the other hand, the coexistence of an underlying degenerative pathol- 
ogy in patients affected by VaD might be a critical factor in determining a 
clinical and neuropsychological profile of dementia overlapping that of AD. 

There are some limitations in the current study due to the clinical setting 
where a neuropathological correlative study of the cases included in the study 
was not possible. 

A previous clinico-neuropsychoiogical follow-up study completed with a 
post-mortem neuropathological verification on a large group of aged subjects 
resulted in the obser\'ation of neuropathological markers of Al/heimer's type 
with characteristic vascultir lesions in a significant subgroup of the followed- 
up subjects who progressively developed clinical signs of severe dementia. 

These recognized vascular lesions were mainly of the lacunar type and 
located in the subcortical vyhite matter and basal ganglia (Snowdon et al., 
1997). The prevalence of these vascular lesions in the basal ganglia, thala- 
mus, and deep white matter might be functionally critical for the relevant 
connections between the basal ganglia and the neocortex when the latter has 
already been damaged by Alzheimer's type pathology. 

Several genetic risk factors for AD are shared with VaD (Wakutani et 
al., 2002). The presence of at least an e4 allele of the Apoiipoprotein E, a 
definite risk-factor for AD, interacts with cerebrovascular risk-factors to in- 
crease the likelihood of developing either of the two types of dementia (Haan 
et al., 1999). 

An increased plasma homocysteine level resulted in a strong, independ- 
ent risk factor for the development of dementia and AD (Seshadri et al. 2002). 
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Whether these well-defined, so as other more controversial risk-factors, 
could play an important role among causative factors of AD as well as of 
VaD in aged people still remains an open question. 

In conclusion, the similarity of the pattern of cognitive impairment is 
probably underlain by AD and VaD also sharing several common pathoge- 
netic mechanisms. 

It remains to be verified whether more adequate and skilled neuropsy- 
chological tasks might detect more subtle differences to allow a definite clinical 
distinction between patients with AD and those with VaD. 
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Use of a monoclonal antibody to measure tiie surface expression 
of thrombospondin following platelet activation 
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The radioiabelled monoclona] antibody, SGll, directed against native thrombospondin, has been used to 
assess the surface expression or secreted thrombospondin on human blood platelets. Emphasis has been placed 
on studying the role of flbrinogen in this process. Unstimulated platelets bound low amounts of 5G11 (about 
2000 molecules/platelet). Binding increased 2-fold and 5-7-fold after stimulation of platelets with ADP or 
thrombin (or ionophore A23187) respectively. Unstimulated platelets from patients deficient in a-granule proteins 
(gray platelet syndrome) bound baseline levels of 5G11. However, binding was not increased after activation. 
Thrombospondin expression on thrombin-stimulated normal platelets was for a large part divalent-cation- 
dependent and was not affected by AP-2, a monoclonal antibody to GPlIb-IIIa complexes. However, binding of 
5G1 1 was some 50% lower when platelets were stimulated in the presence of Fab fragments of a polyclonal rabbit 
antibody to fibrinogen. This suggested either a direct binding of thrombospondin to surface-bound fibrinogen or 
a steric inhibition due to a close proximity of the two proteins. The fact that binding of 5G11 was at the lower 
limit of the normal range to the stimulated platelets of an afibrinogenaemic patient specifically lacking detectable 
fibrinogen favoured the latter explanation. Thus, a major fibrinogen-independent pathway for thrombospondin 
expression must exist. 



Thrombospondin is a 450-kDa glycoprotein consisting of 
three identical disulfide-linked chains [1, 2]. The protein was 
originally described as a major constituent released from 
platelets during thrombin stimulation |3]. Thrombospondin 
is now known to be synthesized by a variety of cells including 
megakaryocytes, endothelial cells, smooth-muscle cells, fibro- 
blasts, monocytes and macrophages (reviewed in [4]). Despite 
this synthesis, the plasma level of thrombospondin is low 
and the bulk of the protein available to circulating platelets 
appears to be thai secreted fr6m a-granules (reviewed in [5]). 
Thrombospondin is a multifunctional molecule, containing 
binding sites for heparin [1, 2], fibrinogen [6-8] and fibro- 
nectin [7] amongst other proteins and ligands [4]. It is incor- 
porated into the fibrin clot and may infiuence the structure of 
the fibrin network [9]. 

Following its secretion, part of the platelet thrombo- 
spondin becomes associated with the surface of the cell (10— 
14]. Here, it is available to participate in the surface contact 
interactions of platelets. In particular, thrombospondin has 
been identified as the endogenous 'lectin* that is present on 
the surface of thrombin-stimulated platelets [15, 16]. In vitro 
studies with purified proteins show that thrombospondin 
forms a stable complex with fibrinogen [6—8], while 
immunocytochemical studies [14] suggest that both proteins 
colocalize on activated platelets in close proximity to GPIIb- 
Illa complexes, the surface receptor for plasma fibrinogen 
[S]. Interestingly, a polyclonal antibody to thrombospondin. 
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which inhibited platelet aggregation by thrombin, caused a 
decrease in the affinity of fibrinogen binding to its receptor 
[17]. 

Thus, a role for fibrinogen in the binding and/or ex- 
pression of thrombospondin on activated platelets has been 
postulated. However, other experimental data suggest that 
thrombospondin expression may be independent of fibrino- 
gen. For example, Gartner et al. [15] found a normal ex- 
pression of membrane-bound lectin' on thrombin-stimulated 
platelets of a patient with congenital afibrinogenaemia, where 
both plasma and platelet levels of fibrinogen were severely 
decreased. For this and other reasons (see Discussion), we 
decided to investigate the mechanism responsible for the ex- 
pression of thrombospondin on stimulated platelets and, in 
particular, the role of fibrinogen in this process. In so doing 
we have used a monoclonal antibody to thrombospondin 
to quantify its binding to platelets after secretion, and have 
compared results for normal platelets to those obtained using 
platelets from patients with selected a-granule deficiencies. 



MATERIALS AND METHODS 
Materials 

Non-inunune rabbit inmiunoglobulins and rabbit im- 
munoglobulins to human fibrinogen were purchased from 
Dakopatts a/s (Glostrup, Denmark). The IgG were 
hydrolyzed with papain at a 1 : 100 (w/w) ratio in the presence 
of 2mM EDTA and 10 mM cysteine. After 4h at 37 'C, 
20 mM A^-ethylmaleimide was added. The samples were exten- 
sively dialyzed against 0.01 M phosphate buffer pH 8.0 and 
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Fig. 1. Specific binding of 5G11 to thrombospondin (TSF), Washed platelets from a control and an afibrinogenaemic patient (Y. S.) were 
solubilized in 2% SDS in the presence of 5% (v/v) 2-mercaptoethanol. Samples (80 \ig protein) were electrophoresed on a 5—12% gradient 
acrylamide slab gel. The proteins were either stained with Coomassie brilliant blue R250 (CBR) or electrophoretically transferred to 
nitrocellulose membrane and incubated with 1 ml (500000 cpm) of ^^^Mabelled 5G11. The labelled bands were visualized by autoradiography 



passed through protein-A — Sepharose (Pharmacia Fine 
Chemicals, Uppsala, Sweden) to remove Fc Tragments and 
noQ-hydrolyzed IgG. The anti-ftbrinogen Fab fragments were 
affinity-purified on a fibrinogen-Sepharose CL 4B column. 
(The details of the preparation will be given elsewhere; 
Legrand, C, Dubemard, V. and Nurden, A. T., unpublished 
results.) Their protein concentration was determined 
spectrophotometricaUy using an absorption coeflicient 
of 1.53. More than 95% of the purified Fab fragments 
formed Fab: fibrinogen complexes precipitated with 9% 
poly(ethyleneglycol) 6000 (Fluka AG, Buchs, Nctheriands). 
The murine anti-(GPIIb-IIIa) monoclonal antibody (AP-2) 
has been previously characterized [18]. Non-immune mouse 
and rat IgG were purchased from Nordic Immunology 
(Tilburg, Netherlands). ^^C-labelled 5-hydroxytryptamine 
creatinine sulphate (50— 60 Ci/mol) and iodine-125 (13 — 
17 mCi/^ig) were from Amersham International (Amersham, 
UK). ADP, a-thrombin (3000 NIH units/mg protein) and 
hirudin (18()00 units/mg protein) were from Sigma Chemicals 
Co, (St Louis, MO). y-Thrombin was the generous gift of Drs 
M. C, Guillin and M. Jandrot-Pcmis (Hopital Bichat, Paris). 
The calcium ionophore A23187 was from Calbiochem 
Behring (La Jolla, CA) (a 2 mM stock solution was prepared 
in 70% ethanol). Reagents for SDS/polyacrylamide gel 
electrophoresis were from Bio-Rad Laboratories (Richmond, 
CA, USA). 

Production of monoclonal antibodies 
against human thrombospondin 

Calciimi-replete thrombospondin was purified from the 
supernatant of thrombin-activated human platelets essentially 
as described by Lawler and coworkers [19]. Monoclonal 
antibodies (Mabs) were produced in collaboration with 
Immunotech (Marseille, France) following the Kohler and 
Milstein procedure [20]. Full details will be presented else- 
where (KiefTer, N., Bourgois, A. and Nurden, A. T., unpub- 
lished results). In brief, LOU rats were immunized with 50 \ig 
thrombospondin followed by a second boost of 25 injected 



3 weeks later. Spleen cells from these animals were fused with 
the myeloma cell line IR983F. Positive hybridomas were de- 
tected by solid-phase radioimmimoassay using purified 
thrombospondin. The selected 5G1 1 clone was propagated by 
intraperitoneal injection into pristane-primed LOU rats. The 
mAb was purified from ascites fluid by precipitation with 
40% saturated ammonium sulfate followed by gel filtration 
on DEAE-Trisacryl and elution with increasing concen- 
trations of Tris/HCl, pH 8.0. The isolated IgG belonged to 
the IgG2a class [21]. Preliminary studies using the western 
blot procedure have located the 5G11 epitope on a 15-kDa 
fragment generated by trypsin digestion of purified 
thrombospondin in the presence of EDTA [21]. This fragment 
originates from the heparin binding domain of the molecule 
[22]. The use of 5G1 1 to detect membrane changes in acquired 
platelet disorders has already been reported [23]. 

Protein labelling 

IgG were radiolabelled with "*I by the chloramine T 
procedure [24] using carefully controlled conditions. Free ^^'I 
was separated from the sample by gel filtration through a PD- 
10 column filled with Sephadex G-2S (Pharmacia). More than 
98% of the radioactivity eluted with the antibody was precipi- 
tated by 20% trichloroacetic acid and a specific activity of 
approximately 500 cpm/ng protein was obtained. Protein con- 
centration was calculated from absorbance at 280 nm and 
samples were stored at — sd^^C in the presence of 2 mg ml~ ^ 
bovine serum albumin. 

Preparation of washed platelets 

Blood (6 vol.) from medication-free human volunteers was 
taken into acid/citrate/dextrose (130 mM citric acid, 126 mM 
trisodiimi citrate, 110 mM dextrose) (1 vol.) and centrifuged 
for 15 min at 120 xg and 20"C. Platelet-rich plasma was re- 
moved by aspiration and incubated for 30 min at 37 "C with 
0.6 ^M 5"hydroxy[^*C]tryptamine in the presence of 25 ^g 
ml"^ apyrase (grade I, Sigma). Platelets were isolated by re- 
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pealed centrifugations in a modified Tyrode's buffer pH 6.5, 
containing 25 ^ig ml"^ apyrase and 100 nM prostaglandin El 
[25]. The pellet was resuspended to a final platelet count of 
2.5 X 10** ml' Hn a modified Tyrode's buffer, pH 7.4, contain- 
ing 5 mM Hepes, 2 mM CaCli, 1 mM MgCl2 and 3.5 mg 
mP* bovine serum albumin (Tyrode/albumin). When the re- 
lease of 5-hydroxy[**C)lryplamine was studied, chlorimi- 
pramine (Ciba Geigy, Basel, Switzerland) was added to a fmal 
concentration of 3 \iM. Secretion of ^-thromboglobuhn was 
measured by radioinununoassay using a commercial kit 
(Amersham, UK). 

Patients with deficiencies of secreted platelet proteins 

Platelets from two patients with the gray platelet syndrome 
(H.B. and CO.) and one patient with congenital afibrino- 
genaemia (Y.S.) were investigated by courtesy of Professors J. 
Caen and C. Soria (Hopital Lariboisiere, Paris). In the gray 
platelet syndrome, a-granules and their contents are severely 
deficient whilst congenital aflbrinogcnaemia is characterized 
by a specific fibrinogen deficiency [26]. The case history of 
patient H.B was detailed by Levy-Toledano ct al. [27]. The 
platelet jS-thromboglobulin content was < 2% of that of nor- 
mal platelets [27] while no release of fibrinogen or throm- 
bospondin was detected upon thrombin stimulation [28]. Elec- 
tron microscopy revealed a similar a-granule deficiency in 
platelets of patient C. O. [29], while biochemical studies con- 
firmed a specific and severe deficiency of a-granule proteins 
(Nurden, A. T., unpublished findings). No fibrinogen was 
detected by an ELISA assay either in the plasma or in the 
platelets of patient Y.S. with congenital afibrinogenaemia [30] 
while platelet ^-thromboglobulin content (70 ^g/10^ platelets) 
was in the normal range (76 ± 16 Mg/10^ platelets, n = 8). 

Western Not procedure 

Human platelets were solubilized with 2% SDS, the di- 
sulfides reduced in the presence of 5% 2-mercaptoethanol, 
and samples (80 ng protein) electrophoresed on 5-12% 
gradient acrylamide slab gels using the procedure previously 
described by us [26, 31]. Other details of the immunoblot 
procedure, including the electrophoretic transfer of proteins 
from unstained polyacrylamide gels to nitrocellulose mem- 
branes, were as reported by Kieffer et al. [32]. Individual 
nitrocellulose membrane strips were incubated for 2 h with 
1 ml (500000 cpm) of ^"1-labelled 5011. The washed strips 
were dried and autoradiography performed as reported [32]. 

Binding assay for platelet-bound thrombospondin 

Unstirred platelet samples (2.5 x 10® ml"*) were incubat- 
ed for 3 min at 37 "C with different agonists as detailed in the 
figure and table legends. At the end of the incubation, hirudin 
was added in a tenfold excess (U/U) to those samples stimulat- 
ed with a-thrombin. Aliquois were taken for the determi- 
nation of 5-hydroxy[*'^C]tryptamine or /9-thromboglobulin 
release. The platelets were then diluted to 1.25x10® ml'* 
and '-^I-labelled 5G1] was added as indicated (see Results). 
Incubation was for up to 30 min at room temperature. At 
selected times, triplicate 0.1 -ml aliquots were removed and the 
platelets sedimented through 0.5 ml 20% (w/w) sucrose by 
centrifugation for 5 min in an Eppendorf centrifuge. The 
radioactivity associated with the pellets was counted in a 
gamma 7000 counter (Beckman Instruments Inc., FuUerton, 
CA). Controls were performed by centrifuging *^^I-5G11 in 



Table \ .5Gll binding to platelets 

Platelets (2.5x10^ ml"*) in Tyrode/albumin were incubated with 
various agonists for 3 min at 37 Wiih a-lhrombin the reaction was 
Slopped by the addition of hirudin in a tenfold excess (U/U). Samples 
were taken for measurement of 5-hydroxy[' *C]lrypiaminc or /3- 
thromboglobulin release (sec Materials and Methods). Platelets were 
then diluted to 1.25 x 10^ ml" ' and incubated for 30 min ai room 
temperature with 20 jig/ral radiolabcUcd 501 1. Resullb arc the mean 
+ SD. n = the number of experiments where 5011 binding and 5- 
hydroxy('*CJtryptanunc release were measured in parallel. /?- 
Thromboglobulin release was determined in dghi selected exper- 
imenu. The mean platelet content of ^-thromboglobulin was 
76±16^g/10^ platelets 
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5011 binding 


5-Hydroxy[»*q. 
trypiamine 

release 


^•Thrombo- 
globulin 

release 




molecules/platelet 


% 




0(fi = 54) 


1900±1100 


3.3 ± 1.1 


7.9 ± 3.4 


ADPlOjiM 
(/, = 6) 


3300± 700 


5.4 ± 1.2 


15.5 ± 2.« 


a-Thrombin 
0.5 nM 
(11=11) 


9400 ±3000 


42.3 ±16.7 


50.6 ± 12.8 


1 nM 
(« = 34) 


14100 1 7500 


62.0 ±15.9 


64.8 ± 10.6 


V-Thrombin 
25 nM 
(n = 34) 


12600 ±5100 


61.1 ±12.2 


64.3 ± 7.3 


A23187 
0.25 |iM 
(n = 34) 


10700 ± 4800 


54.1 ±11.2 


70,8 ± 8.4 



the absence of platelets. The background radioactivity was 
subtracted from the total radioactivity in the platelet pellet. 

RESULTS 

Specificity ofmAb 5G11 

SDS-solubilized platelet proteins separated by SDS/ 
polyacrylamide gel electrophoresis were transferred to nitro- 
cellulose membrane and incubated with "^Mabelled 5G1 1 in 
a western blot assay. In the absence of disulfide reduction 
5G11 bound to a band that barely penetrated the 5% 
separating gel. After disulfide reduction, 5G11 recognized a 
polypeptide of 170 kDa corresponding to the reduced chain 
of thrombospondin [281 (Fig* In addition, a band of 
40 kDa was faintly labelled. This band was also observed with 
radiolabelled non-immune rat IgG. It may correspond to a 
platelet Fc receptor for IgG [33]. Platelets from the afibrino- 
genaemic patient (Y.S.) gave a band in the normal position 
for thrombospondin. However, quantitative densitometric 
scanning of Coomassie-blue-stained gels revealed that the 
thrombospondin content of Y.S. platelets was about 70% 
that of the corresponding control platelet sample. Platelets 
from the two gray platelet syndrome patients (H. B. and CO.) 
contained no detectable thrombospondin (not illustrated), 
thus confirming previous studies [28]. 

Binding of mAb 5GJJ to normal human platelets 

The binding of 501 1 to washed platelets before and 
after stimulation was first characterized. Platelets were at 
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Fig.2. Binding ofSGIl to unstimulated washed platelets. Platelet suspensions (2.5x 10® ml"**) were incubated at 37X with or without 1 nM 
a-thrombin (oc-THR). After 3 min hirudin was added in a tenfold excess (UAO and the platelets diluted to 1.25 x 10® ml'* with Tyrode/ 
albumin. (A) 20 pg/ml '^'I-SGl 1 was added and the samples incubated at room temperature for diflerent times. (B) Increasing concentrations 
of ^^^1-SGt 1 were added and the incubation was for 30 min. Platelets were then sedimented and the associated radioactivity measured as 
described in Materials and Methods 



2.5 X 10® m^^ i.e. their concentration in circulating blood. 
A 3-niin stimulation corresponding to the time required for 
maximal aggregation of platelets in the aggregometer cuvette 
was chosen. The platelets were then incubated at 
1,25 X 10® ml' ' for 30 min at room temperature with 20 ng/ 
ml 5G11 i.e. its K^a value (see below). A low binding, corre- 
sponding to 1900 ± 1 100 molecules per platelet was measured 
on unstimulated cells (Table 1). Under identical conditions 
880 ± 710 molecules of non-immune rat IgG/platelet were 
sedimented. The binding of 5G11 was dramatically increased 
upon thrombin stimulation (Fig. 2). No increase in the sedi- 
mentation of non-immune IgO was observed (not shown). 
Binding of 5G11 to thrombin-stimulated platelets was rapid 
and approached equilibrium after 5 min (Fig. 2 A). For 
platelets stimulated with 1 nM a-thrombin, binding was satu- 
rated at a concentration of 40jig/ml antibody (Fig. 2B). 
Table 1 shows that the binding of 5G1 1 to stimulated platelets 
was related to the ability of the agonist to induce the release 
reaction. ADP was poorly effective while platelet stimulation 
with a-thrombin, v-thrombin and the calcium ionophore 
A23187 all resulted in a 5-7-fold increase in the binding of 
5G1 1 to platelets. In each case up to 70% of dense body and 
a-granule release had occurred. Phase-contrast microscopy 
confirmed the absence of platelet aggregates in the unstirred 
platelet suspensions. As a result of these studies, a dose of 
1 nM a-thrombin was chosen for most experiments. 

Binding of 5011 to patients* platelets 

Platelets from the patients with the gray platelet syndrome 
(H. B. and C. O.) and congenital afibrinogenaemia (Y. S.) were 
isolated and stimulated with 1 nM and 5 nM a*thrombin. 
Here, a high dose of a-thrombin was also used to overcome 
a previously reported decreased sensitivity of the release reac- 
tion from these patients* platelets [27]. The results are present- 
ed in Table 2. The platelets from the two patients with the 
gray platelet syndrome bound baseline levels of 5G11 but no 
increase was observed after platelet stimulation. A decreased 
thrombin-induced release of 5-hydroxy[**qtryptamine from 
the platelets was confirmed. The platelets from the 
afibrinogenaemic patient underwent a normal release reac- 
tion. On two different occasions, at a three-month interval, 
the binding of 5G11 to his thrombin-stimulated platelets was 
at the lower end of the normal range. This may be related to 
the slightly lower thrombospondin content of the platelets of 
this patient (see Fig. 1). 



Inhibition of binding of SOU to normal platelets 

The binding of 5G11 to thrombin-stimulated normal 
platelets was decreased by more than 75% {p < O.OI) when 
platelet activation was performed in the presence of EDTA 
(Fig. 3). In these experiments the release reaction was not 
affected by divalent cation chelation (values in parentheses). 
The binding of 5G11 to platelets stimulated in the presence 
of the synthetic peptide Gly-Pro-Arg-Pro, which prevents the 
formation of fibrin polymers (8, 35], was not modified when 
platelets were stimulated with 1 nM a-thrombin and only 
slightly decreased when the platelets were stimulated with 
5 nM a-thrombin. The concentration of Gly-Pro-Arg-Pro (a 
1000-fold greater molar concentration over that of platelet 
fibrinogen, calculated on the basis of approximately 88 ^g 
fibrinogen/10' platelets [34]) was in large excess over that 
required to inhibit fibrin polymerization completely [8, 35j. 
Gly-Pro-Arjg-Pro did not modify the binding of 5G11 to 
platelets stimulated with 25 nM y-thrombin, a hydrolytic 
product of a-thrombin that is unable to induce fibrinogen-to- 
fibrin transformation. 

Platelets were also activated in the presence of an excess of 
affinity-purified anti-fibrinogen Fab fragments. In a previous 
study these have been shown to inhibit ADP-induced platelet 
aggregation completely when added in a 20-fold molar excess 
over the concentration of fibrinogen in the suspension and to 
bind maximally to thrombin-stimulated platelets within 5 min 
of incubation [36]. In the present experiments the anti-fibrino- 
gen Fab were used at a concentration of 0.1 mg/ml, i.e. an 
approximate 40-fold molar excess over the calculated platelet 
fibrinogen content. Under these conditions they decreased by 
50% the binding of 5G1] to platelets stimulated with 1 nM 
a-thrombin (Fig. 4). No inhibition was observed with non- 
inunune Fab fragments. The specificity of this action was 
confirmed by their lack of effect on thrombospondin ex- 
pression by platelets of the patient with congenital afibrino- 
genaemia (Fig. 4). As judged by the release of 5-hydroxy- 
[**C)tryptamine, the antifibrinogen Fab fragments did not 
interfere with the stimulation of the platelets. No further 
inhibition was noted on increasing either the concentration of 
the anti-fibrinogen Fab fragments or the time of incubation 
of these fragments with the platelets. An identical inhibition 
was obtained when plateleu were stimulated with 25 nM y- 
thrombin (not shown). 

Finally Fig. 4 shows that no inhibition of thrombospondin 
expression was observed when platelets were stimulated in the 
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Table 2. 5GiJ binding to platelets of patients with deficiencies of a-granule proteins 

Platelets (2.5 x 10" ml' *) were processed as described in the legend to Table 1 . Patients H. B. and CO. were examined once. Y. S. was examined 
on two occasions and similar results were obtained. Results from one experiment are g^ven. The control values are those obtained for the 
normal donors studied in parallel (n = 8) 
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presence of AP-2, a murine monoclonal antibody to GPIIb- 
Illa complexes used here at a saturating concentration [18]. 
Under these conditions AP-2 inhibits by more than 85% the 
binding of plasma fibrinogen to thrombin-stimulated platelets 
but does not interfere with the surface exposure of intracellu- 
lar fibrinogen (Legrand, C, unpublished results). 



DISCUSSION 

Thrombospondin is secreted from platelet a-granules from 
where it binds to surface receptors and plays a role in platelet 
aggregation (see introduction). In support of a possible func- 
tional role, platelet aggregation is inhibited by monoclonal 
and polyclonal antibodies to thrombospondin [17, 37]. 

Until recently the presence of thrombospondin on the 
surface of platelets has been assessed by surface labelling [10, 
11] or by immunofluorescence [12] and immunocytochemical 
techniques [13, 14], However, this does not allow a quantitat- 
ive estimation of the protein on the surface of the cell. In a 
recent study Aiken et al. [38] using TSPl-I, a mouse mono- 
clonal antibody to purified thrombospondin, and different 
platelet concentrations, have estimated that from 7000 to 
60000 molecules of the antibody bound per platelet after 
thrombin stimulation. Here, we have measured the binding 
of 5G1 1, a rat monoclonal antibody, to platelets activated by 
various stimuli. The specificity of this antibody for thrombo- 
spondin was established by studying its interaction with 
platelet proteins using an immunoblot procedure. 

A binding assay was developed with platelets at a concen- 
tration of 2.5 X 10® mP \ i.e. their approximate concentration 
in circulating blood, and radiolabelled 5G11 at 20pg/ml 
(0.13 ^M), i.e. a value similar to its apparent (see Fig. 2). 
As shown by others [23], we found that low amounts of the 
antibody, of the order of 2000 molecules/platelet, bound to 
unstimulated cells. This was significantly in excess of that 
observed with a non-immune rat IgC which indicated that 
surface-bound thrombospondin was being detected. This 
binding could reflect either surface exposure of low amounts 
of endogenous thrombospondin during platelet isolation or 
thrombospondin normally present on circulating platelets 
which may come from the low amounts that occur in plasma 



[39]. The fact that platelets isolated from two patients with 
the gray platelet syndrome bound baseline levels of 5G11 
similar to normal platelets favours the second hypothesis. 
Although thrombospondin can not be detected in the platelets 
of these patients [26, 28], it is present in normal or even 
increased amounts in their plasma (KiefTer, N., unpublished 
results). 

The binding of 5G11 to normal platelets was increased 
upon platelet stimulation providing that the release reaction 
had occurred. A 5 — 7-fold increase was observed when 
platelets were stimulated with a or y-thrombin or with the 
calciiun ionophore A23187. This increase was not observed 
with the platelets of the two patienu with the gray platelet 
syndrome. The value found in our study for thrombin-stimu- 
lated platelets incubated with a half-saturating concentration 
of the antibody (14100 ± 7500 molecules 5G11 per platelet. 
n=34) is similar to the values published by George et al. 
[23] and Aiken et al. [38]. Since thrombospondin is probably 
composed of three identical polypeptide chains [1, 2] and 
5G1 1 reacts with the reduced chain in immunoblotting, up to 
three IgG molecules may bind to each molecule, and even 
more if the antibody recognizes a repealing unit [2]. This will 
depend on the accessibility of the binding sites. Thus, the 
number of thrombospondin molecules expressed on the sur- 
face of activated cells may be less than the absolute value 
determined using the monoclonal antibody. 

In agreement with previously published data [10, 13, 38] 
we found that divalent cations were required for a full ex- 
pression of endogenous thrombospondin on the surface of 
thrombin-activated platelets. This is also a requirement for the 
binding of fibrinogen, flbronectin or von Willebrand factor to 
GPIlb-lIIa complexes [5]. Although purified thrombospondin 
has been shown not to interact directly with purified GPIIb- 
Illa molecules [6, 40] controversy exists in the literature con- 
cerning the role of these complexes in the binding of 
thrombospondin to platelets. Wolff et al. [41] reported that 
10E5, a monoclonal antibody to GPIIb-lIIa, inhibited by up 
to 94% the binding of ^^'I-thrombospondin to thrombin- 
stimulated platelets. However, they found [42] a normal bind- 
ing of ^^^l-thrombospondin and a normal expression of en- 
dogenous thrombospondin on thrombin-activated, GPIIb- 
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Fig. 3. Binding of SGI J to platelets stimulated in the presence o/EDTA 
or Gly^Pro-Arg-Pro. Platelets (2.5 x 10® mJ' *) were resuspended in 
Tyrode/albumin in the presence or absence of 0.1 mM Gly-Pro-Arg- 
Pro or in Tyrode/albiunin with divalent cations replaced by 2 mM 
EDTA. Experimental conditions were as described in the legend to 
Table 1. *"I-5G11 (20 ^lg/ml) was added for 30 min. Results are the 
mean + SD for eight experiments. The mean value for the release of 
5-hydroxy['^C]tryptamine is given in parentheses 



Illa-deficient platelets of two patients with GlanzmanD's 
thrombasthenia. In the present study a saturating concen- 
tration of AP-2 failed to inhibit the surface expression of 
thrombospondin. However, although inhibiting by more than 
85% the binding of *^*l-fibrinogen to platelets, AP-2 does 
not prevent the surface expression of platelet fibrinogen upon 
thrombin stimulation (Legrand, C, unpublished results). A 
similar finding for platelet fibrinogen has also been observed 
by Courtois et al. (43] using another antibody to GPIIb-IIIa 
complexes. Thus, these results do not preclude the possibility 
that thrombospondin is expressed through an interaction with 
fibrinogen bound to GPIIb-IIIa complexes at an early stage 
of the secretion process. 

Fibrinogen and thrombospondin colocalize on the surface 
of activated platelets [12, 14]. The possibility that thrombo- 
spondin interacts with membrane-bound fibrinogen [16, 17] 
was supported by the fact that platelets stimulated in the 
presence of excess anti-fibrinogen Fab fragments bound 
approximately 50% fewer molecules of 501 1. However, we 
are unable to distinguish between a direct effect of the Fab 
fragments on thrombospondin binding to fibrinogen and a 
secondary effect on the membrane organization which would 
prevent thrombospondin binding to its receptor or reacting 
with SGI 1 molecules. This could especially be so if the platelet 
receptor for thrombospondin is close to the receptor for fi- 
brinogen as is implied from inmiunofiuorescent and inmiimo- 
cytochemical studies [12, 14]. Furthermore, fibrinogen bind- 
ing to GPIIb-IIIa complexes could modulate a different 
thrombospondin receptor in the membrane. A significant role 
for polymerizing fibrin in the thrombospondin expression 
could be excluded from the fact that appreciable 5G1 1 binding 
was observed after platelet stimulation with y-thrombin. 

For the above reasons, platelets from a patient with con- 
genital afibrinogenaemia deficient in platelet fibrinogen were 
studied. Here, binding of SGll to thrombin-stimulated 
platelets was at the lower end of the normal range. As the 
thrombospondin content of the platelets of this patient was 
somewhat below that usually observed, it is probable that a 
normal thrombospondin expression bad occurred. This im- 
plies that when fibrinogen is lacking, thrombospondin ex- 
pression can occur. Thus, there is a major fibrinogen-indepen- 
dent pathway for the binding of thrombospondin to platelets. 
Recent studies using the monoclonal antibody 0KM5 have 
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Fig. 4. Binding of SGI I to platelets stimulated in the presence of various 
antibodies. Platelets (2.5 x 10® ml"') in Tyrode/albumin were stimu- 
lated for 3 min at 37 X with 1 nM a-ihrombin in the presence of 
AP-2, a monoclonal antibody to GPIIb-IIla complexes (20 fig/ml), 
polyclonal anti^fibrinogen Fab (100 ^g/ml) or non-immune mouse 
(gG or rabbit Fab fragments. Hirudin was added and the platelets 
incubated for 30 min at room temperature with 20 \iglm\ *'^I-5G1 1 . 
Results are the mean ±SD for seven experiments. When performed, 
results for the platelets of patient Y.S. tested in parallel are also 
illustrated. * P < 0.01 Wilcoxon's rank sum test on paired samples 



enabled Asch et al. [44] to propose that platelet membrane 
GPIV is a receptor for thrombospondin on platelets. This is 
a good candidate for the receptor for thrombospondin in the 
studies we report. Furthermore, GPIV is normally present in 
thrombasthenic platelets [5]. Binding of thrombospondin to 
GPIV may thus explain its normal binding to platelets de- 
ficient in GPIIb-IIIa and fibrinogen. 

We would like to thank Helene Feller for excellent secretarial 
assistance. 
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Non-oncologic applications of radiolabeled 
peptides in nuclear medicine 



L C KNIC'.HT 



Radiolabeled peptides have been investigated for diag- 
nostic imaging in a variety of nononcologic diseases. 
For imaging thromboembolic disease, peptides which 
bind to various components of thrombi have been test- 
ed. Fdr targeting the fibrin component of ttu-ombi, pep- 
tide analogues of Hbrin or fragments of fibronectin 
whicli have a distinct binding domain for fibrin liave 
lieen studied. For targeting activated platelets witliiii 
thrombi, linear and cyclic peptide antagonists of tiie 
glycoprotein Ilb/nia recepUir on platelets have been 
studied, as well as naturaUy occurring antagonists of 
this receptor which are found in venoms. Analogues of 
laminin and thrombospondln which bind to other recep- 
tors on platelets have also been tested. There is an 
approach which uses a peptide to tatget thrombin which 
is scqacstercd within a fibrin dot. Another area of inves- 
tigation has been to develop an improved radiophar- 
maceutical for imaging sites of infection and/or inflam- 
mation. Peptides which would bind to leukocytes in 
vivot such as antagonists to the tuftsin receptor, chem- 
otactic peptides, interleukin-8, or a platelet factor 4 ana- 
logue, have been radiolabeled for this purpose. These 
agents would enable imaging of both infection and 
inflammation. l>evelopment of a radiopharmaceutical 
for specifically imaging infection has focused on antimi- 
crobial peptides such as human neutrophil defensin, 
ubiquicidin, human lactofercin and alafos£alin, \^ch are 
expected to bind selectively to microorganisms and not 
to leukocytes. Radiolabeled peptides are aiso being 
explored as agents for assessing unstable atheroscle- 
rotic plaque (endothelin), amyloid deposits (amyloid P 
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peptides), and the consequences of diabetes mcllitus 
(human Opeptide). 

KRYWOuns: Peptides - IlironibcisLs - Infexnion - Infl;iinm:Mit)n - 
Arteriosclerosis - OiahKHcs mcllicii.s - Amyloid. 



One of the unique abilities of nuclear medicine is 
to noninvasively enable imaging of active bio- 
chemical processes in vivo. . In nxany aises. altered 
processe.s in disease states are characterized by molec- 
ular targets wliich are more abundant in disease than 
in health. Radiotracers can be designed to recognize 
these targets and provide images which show die are- 
as of increased uptJike indiauive of a disease pro- 
cess. This information can l:>e used for initial diagno- 
sis or to assess the progress of therapy. 

A promising area of radiopharmaceutical develop- 
ment is tlie use of peptides as agents to c-arry a radio- 
nuclide to tliese targets. These peptides nuiy be small 
aiialogues of larger proteiiis, such ns native macromol- 
ecules which are normally involved in binding. 
Alternatively, taigeting peptides may be found in nat- 
ural products from other species, or they may be 
devised by structure-activity relaiionsliip studies to 
act as therapeutic antagonists of an unwanted pro- 
cess. 
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KNK a 11' NON ONCOUXai: Ai>PU(VV'nONS < )K RADlOIAItUU-i) l*Kinil MS IN NllCUiAK MKOICIKK 



In .some cases, the physiologic target Is a well- 
deflnccl receptor, lliis enables design of carefully con- 
troiied siudies to assess ixrccptor binding in tJilro:\nd 
chanicleri/iition of tlie behavior of a new radiolabeled 
peptide. In other cases, however, the exact target may 
not Ix: wcll-denned and it may be difficult to distin- 
guish nonspecific local i/.aiion from specific tajgeting. 
Small peptides, if they do not exhibit binding to cells 
or proieias in llie blood, tend to have relatively rap- 
id b](X)d disappearance. This may be due in pan to 
rapid entry into extracellular fluid. Because of this 
tendency, some experimental animal models may 
enable peptides to appear to bind to a lesion {e.g,, a 
thrombus) when in actuality the peptide is accumu- 
lating noaspecifically in an area of edema due to an 
inflammatory process. 

The use of radiolabeled j)eplides may provide 
improved imaging tests whicli provide advantages 
such as more rapid imaging resulLs, greater ease of 
radiolabeling, and greater target specificity compared 
with current teclmiques. 



Thrombosis 

l^eep vein thromlx)sis, or the formation of throm- 
bi in the major veins of the extremities, remains a 
health problem affecting millions of people each year. 
In addition to die damage aiused locally by the throm- 
bi (pcxstpblebitic syndrome), the tlirombi may break 
lcx)se and emboli/e to tJie lungs (pulmonary embo- 
Jism) which am be fatal. Currently seveml tests in 
comliination may l)e required to complete the diagnas- 
tic workup because each of the current tests has lim- 
itatioas. These tesLs include ulunsound examinations 
of the legs, bk)od tests for circulating D-dimer. VQ 
sams, spiral CV studies of the lungs and pulmonary 
angiograms. A radionuclide test which could mpidly 
locate both thrombi and emboli after a single injection 
could be very useful in assessing the need for antico- 
agulant therapy. 

Venous tlirombi arc composed of layeiTs of activat- 
ed platelets alternating with layers of polymerized 
fibrin and numerous entrapped cells and plasma 
proteins.' The entrapped proteins include tliiombin, 
which is aji enzyme involved in lx)th fibrin formation 
and platelet activation. Pulmonaiy emboli are com- 
posed of fragments of venous thrombi which, 
because tlieir surface is thrombogenic, have become 
coated with new thrombus elements after they have 



lodged in a pulmonary artery. If the embolus is 
exposed to high blood How rates, the surface n)at- 
ing may be predominantly activated platelets, hi 
contrast, if the embolus is completely cxrchisive the 
blood flow near it may be sluggish; this would prob- 
ably lead to a fibrin-iich deposit on the surface of the 
embolus. For the purposes of targeting receptors in 
thrombi and embolij therefore, it would seem that 
i-adiopharmaceuticals which recognize either acti- 
vated platelets or fibrin would be suitable for imag- 
ing the lesk)ns, as these components are present in 
high concentrations. Both of tliese approaches have 
been explored widi radiolabeled peptides as target- 
ing agents. Another approach has been to design a 
radiopharmaceutical which binds to molecules of 
thrombin which are trapped in the thromlx)Lic lesion. 
This approach is more challenging because there 
are fewer sites to which a radiolabeled peptide could 
bind. 

Figure 1 shows die amino acid sequences of some 
of the peptides which are lx:ing investigated for imiig- 
ing thrombi and emboli. 

Fihrin-largeled peptides 
7P850 i»m iOK TROM iihrin 

Fibrinogen is a bivalent protein which contains 3 
polypeptide chains on each half of the mokxjile (2 
each of a, p and y chains). During clotting, thrombin 
cleaves ribrino|x;ptides A anel B from the N-termini of 
the a and P chains, respectively. The newly exposed 
domains at the N-termini of the a chain c*an bind to 
previously existing domains on the C-terminus of the 
molecule. The binding of these complementary 
domaias leads to formation of a fibrin polymer.- Ilie 
domain exposed by tlirombin cleavage of fibrinopep- 
tide A from the a chain has the seciuence dly-Pix>-Arg- 
Val-Val-. Studies have shown that a peptide with a 
closely related sequence, Gly-Pro-Arg-Pro, is capable 
of inliibiting fibrin polymerization, presumably by 
binding to the polymerization site in the C-terminus 
of the Y chain of fibrin.*^ 'llie polymerization site to 
which this peptide binds is also present in filirino- 
gen, so the peptide would be expected to bind to 
circ\ilating fibrinogen which is present in the bkxxl at 
a concentration of approximately 8 uM. 

Giy-Pro-Arg-Pr{)-Pro was synthesized and tested as 
an agent for imaging tlirombi. To label the peptide 
with wm'i^^^^ a chelating moiety, Gly-DAla-(ily-Gly 
was added at tlie Otermlnus, and a spacer, 4-amino- 
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Vihrin-targeted peptide 

'IVH:>0 OPRPP Abri - GaGO 



I hrombin-torgeted peptide 

Hiruloc 17'RK;<.KiUi:)GDFHKVFOiY:L 



nbnnrlaF{>eted peptides 

PAC-8 SY(i ROD V ROD rKCn*CCA 

Sri'VCGNIMl. I^QGl-DCDCGS PANCOOQCCN 
AATCKLTPG.S QC^UOV.CCDQ CKi-KKARTVC 
RIARGDWNDD YCTGKSSDCI' WNII 

COT'GYIGS.U rP:\m. (iftCG-Aba YCSVTCO 
TP" i MK\ GaGO Aba- YCS VT.CR 



Figure I - Uxaniples of pejHifles ijiwler ilevclopmcitt for ihwu^M W imajting. GaOO«Gly-l )AI;i-(:;:y.Gly: Alw«4 iinitnf ilMHyrii. add; l-Oplsir. 



buiyric acid (Aba) was incorporated in between to 
ininimi/e steric liindrancc^ In rabbits with electrical- 
ly induced DYV (10 min old), y camera images sug- 
gested thrombus uptake but there was no quantifi- 
cation of excised tissue specimens, 'llie peptide was 
stable In uitx) as judged by IIPLC of urine specimens 
from rabbits. 'I'F850 had rapid blood disappcjnancre 
(T,;,a=4 min, 'r,/2l>=13 min) and excretion was pri- 
marily renal.'^ These findings suggest that there is 
minimal binding to circulating fibrinogen, which is 
a slow-clearing protein and would be processed by 
the liver. 

I'lKRIN-HINOING OOMAIN {VWO) OF nURONl-CnN 

Fibronectin is an adhesive protein which, among 
other functions, is involved in crtxss-linking of fibrin 
dimers. Contrcillixl proteolysis of fibronectin yields 
fnigments including a 31 kDa fragment from the ami- 
no terminus wl\ich contaiiLs botti a fibrin-binding site 
and a site for covaient cix)sslinking of fibrin. This spe- 
cies was previously purified and labeled witia *"In 
for thrombus imaging/^ The fibrin-binding domain 
cfMiraias 5 JXipc^ated sequences, each of which contains 
4 cysteine residues to constrain each subdomain into 
a loop so tliat tlie entiie domain resembles llie fingei-s 
of a hand. Smaller molecules containing 2, 3 or 4 of 
these loop subuniLs have been studied as potential 
thrombus-binding molecules, 'i'he smallest of these 
(2 loops, 12 kDa) has tlie lastest l>l<X)d clearance and 
df>es not sacrifice binding jictivity, so it was inve.stigat- 
ed furtlier. The 12 kOa fragment is produced by 
recombinant DNA expression. This molecule com- 



petes effectively with endogenous fibronectin for 
binding to fresh clots, and binds to dots in the pre-s- 
ence of heparin. 

I'or clinical studies, 500 pg of I'HI) protein are 
labeled with 20 25 mCi Tc by a direct stannous 
reduction technique (Draximage, Montreal). Tliere 
wMS no report of whether the peptide was vested foi* 
disulfide bond cleavage alter this procedure. In rn/jo, 
bk)od disappearance was fairly rapid: 20% remain.s 
after 30 min. 10% after 2 h and <2% after 24 h. 'I'he 
highest organ concenUiUion is found in kidneys, fol- 
lowed by bladder. Gl tract, liver, heart, lung and 
spleen.7 Clinically, imaging of the extremities is per- 
Ibrrned at several times up to 6 h po.stinjection .so that 
2 or 3 image sets from different time points can be 
compared. In an initial clinical trial of patients with 
DVl proven by compression ultnisound, the .sensitiv- 
ity was 80-93%.' 

IHatelet-targetecl pe/)lides 

i Juman platelets expre.ss a number of receptors to 
which radiolabeled peptides can be directed. The 
mast abundant receptor, as well as the most thorough - 
ly studied, is the glycoprotein llb/IUa receptor 
(GPnb/IIIa; also known as intcgrin a!Ibp3) which 
binds fibrinogen and is essential for |)huelet aggie- 
gation. There are approximately 50 000 to 100 
copies of the receptor per platelet, CiPIIb/llla has 
been studied as a target for antagonists to therapeu- 
tically prevent platelet aggregation in patients with 
coronary aiteiy disease. Native ligands for this recep- 
tor include ni)rinogen, vonWillebrand factor, fibrc)- 
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nectin, vitronectin and thioinbospondin. Binding of 
these macTomolecules can be inhibited by peptides 
containing the Ai^-Gly-Asp (RGD) uipeptide motif. A 
numba* of syniJietic peptides and peptidomimetics liave 
Ixjcn tested as antagonists for this receptor and some of 
these have also been explored as a l^asLs for radiophar- 
maceuticals to bind to platelet deposits in vivo. 

An importimt characteristic of platelets Is their abil- 
ity to become adhesive when stimulated, so that they 
can adhere to vessel wall and aggregate togetlier to 
plug a leak in the vessel wall. Tliis function Is large- 
ly dependent on die GPIIl^/IIIa receptor, and involves 
• binding of adhesive niacromolecules. For example, 
fibrinogen binds to the GFIlb/IIIa receptor and 
because it is bivalent, links 2 platelets together to 
achieve platelet aggregation. The GPIlb/llla recep- 
tor is not able to bind fibrinogen until the platelet is 
.stimulated by an agonist such as ADF or thrombin. 
Studies with antibodies indicate that the number of 
GFllb/llla receptors on the surface of the platelet 
d()cs not change upon platelet activation/stimulalion, 
but that the conformation of the receptor binding 
pocket may change to admit the binding domain of 
Fibrinogen. 

It slu)uld l)e noted that the native ligands for this 
receptor are all macromolecules which have a high 
degix^e of tertiary staicture. Short linear peptides which 
represent a sequence from the domain of a larger 
native macromolecule will probably not have the opti- 
mal conformation to dock witli the receptor with high 
affinity. The fact tliat many macromoleailes contain 
— RGl)— but IMnd to the GPIlb/IHa receptor with dif- 
ferent affinities supports the concept that the sur- 
rounding protein staicture is important for determin- 
ing the binding affinity of die leceptor-binding domain. 
I'urthermore, fibrinogen, which is the ligand with the 
highest affinity for GPIIb/IIIa, has multiple domains 
wliich are thought to interact with the receptor: 2 
RGD domains and 1 HHLGGAKQAGDV domain. 
Studies have shown that these domains bind sequen- 
tially, making the fibrinogen-receptor bond stronger 
(less likely to be reversible) with each additional con- 
tact point. 

aPIIh/Ula receptor ligancLs 

LiNl-AK RGD CONTAININC; PKKllOJiS 

These peptides have relatively low affinity for the 
GPilb/llla receptor. A peptide derived from the anti- 
gen-binding domain of monoclonal antibody PAC-1 Ls 



an example. The antibody was one of the few mole- 
cules found which was almost perfectly selective for 
binding to activated platelets over resting platelets. 
When the active binding region was sequenced, it 
was foimd to contain a peptide, ARRSPSYYRYDGAP- 
YYAMDY, which inliibited fibrinogen binding to plate- 
leis.s Substitution of RGD for the RYD in this sequence 
improved the binding affinity for platelets. This pep- 
tide formed the basis for a family of RGD-containing 
peptides with up to 3 repeats of the RGD sequence. 
These linear peptides were modified for Tc labeling 
by inclusion of a KCTCCA metal-binding peptide 
sequence at either the N-terminal or C-terminal end of 
the peptide. These peptides were labeled by ti-ansche- 
lation from 99^^Tc-glucoheptonatfe and tested in vivo in 
a canine model of 24-hour-old DVT.^ The peptides 
exhibited rapid blood clearance with predominantly 
renal excretion, and were apparently degraded by 
proteolysis. There was no detectable binding to circT.1- 
lating platelets. The percent of injecrcid dose which 
bound to thrombus was low (0.006%Tn/g); this was 
only slightly higher than negative control peptides 
(0.003%ID/g) or i>9.nTc-glucoheptonate (0.004 %ID/g).9 
hnages were characterized by diffusely increased 
uptake in the area around the thrombus and extensive 
soft tissue background. It appeared that the peptides 
were able to lealc into the cxtnivascular fluid and non- 
specifically accumulate because of edema in the tis- 
sue around the induced thrombus. 

Investigators have shown that constraining the 
RGD sequence in a cyclic peptide greatly improves 
the affinity of the peptide for GPIIb/IIla receptor. 
Cyclization has the added benefit of conferring 
increased resistance to proteolysis in vivo. The sim- 
plest way to achieve cyclization is to include 2 cys- 
teines in the peptide and form a disulfide bond. This 
cyclization approach is not compatible with many 
technetium labeling approaches, however, as the 
reagents used to redijce the Tc can also reduce the 
di.sulfide bridge. Cyclization with a peptide bond or 
a diioedier lx)nd avoid this problem but require more 
synthetic expertise and cannot be done by many con- 
ventional peptide synthesis facilities. 

P280 

Peptide P280 is a 13 amino acid peptide comprised 
of a thioether-cyclized peptide including die phar- 
macophore (-Apc-Gly-Asp-1 which is a mimetic for 
Arg-Gly-Asp. Ape stands for S-aminopropyl-L-cys- 
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teine. an Arg surrogate which confers additional selec- 
tivity for tliis receptor. The cyclic peptide is coupled 
to a Gly-GIy-Cys-Giy-Cys-GIy-Gly sequence for che- 
lation of reduced Tc. The peptide (named bibapci- 
ticle) as supplied in a commercial kit (Diatidc) is initial- 
ly a dimer linked by a bis(succinimido methyl) ether 
bridge tlirough the 2 C-terminal cysteine residues but 
splits into 2 monomers during the labeling process- 
Compared to PAC-8 linear ROD peptide, P280 had 
much higher affinity for the GPIIb/IIIa receptor in 
vitm IC5o=79 nM for P280 vs 12 000 nM for PAC-8 in 
an assay of inhibition of platelet aggregation in plate- 
let-rich plasma. 99niTc-P280 was labeled by Hgand 
exchange from 99rnTc-glucohepionate and tested in a 
standardized canine model of 24-h-old DVT, Like the 
linear ^nTc-PAC-8, it exhibited rapid blood clearance 
and very litde binding to circulating platelets. The 
appearance of the images was similar as well: diffuse 
soft tissue activity and diffuse uptake in the muscle 
around the induced thrombus, probably a site of local 
edema. DVT binding was low (0.006%ID/g) with 
tliinmbus-to-blood ratios of 4.4 and thrombus-to-mus- 
cle ratios of 11.0 at 4 h postinjection.^^ In the same 
model, labeled autologous platelets exhibited throm- 
bus binding of 0.18%lD/g, thrombus-to-blood ratios 
of 5.4 and thrombus-to-muscle of 230. In clinical Uials. 
the biodistribution and clearance of ^" rc-P280 were 
similar to those observed in the canine model.'^* 
Anterior and posterior imaging of the lower extrem- 
ities was canied out at 10. 60 and 120 minutes after 
injection. Based on 2 phase III clinical trials, sensitiv- 
ities of 86-91% and specificities of 84-88% have been 
reported.!^. *5 

DMP444 

Peptide DMP444 Ls l)ased on a cyclic peptide, DMP- 
728, that was the product of an extensive development 
effort to produce an antithromlK)tic themix'utic di-ug."^* 
The pharmacophore in these compounds is l-(N-meth- 
yl- Arg) Gly-Asp-] which confers high specirlciiy for 
the c;Pllb/ilIa receptor over other integrins. 

DMP-444 also contains a HYN'IC moiety for label- 
ing the molecule with reduced technetium. 
Radiolabcling i.s accomplished with 99mTc:-tri<:ine and 
water-soluble phospliine coligands.i' Wlien the radio- 
tracer was tested in animal models of actively form- 
ing thrombi, the ti-acer was avidly incorporated into 
growing thrombi. »« Later studies of 24-h-old thrombi 
indicated that uptake of tracer was lower and throm- 



bus-io-blood ratios were lower (2.3 fur 24 h old wy 9 7 
for 15 min old thrombi). '^^"Tc-OMP444 is excreted 
renally, with less than 0.3%in excreted in the feces. 
This radiotracer appears to have slower clearance 
from the blood than P280.7 In initial clinical trials, 
anterior and posterior images of the lower extrem- 
ities were obtained 1 h and 4 h alter injection of *^"'i'c- 
DMP444. In a blinded mmpari.son with compression 
ultrasound, sensitivity was 79% and specificity was 
28%. These studies were used to improve image-read- 
ing criteria which led to improved sensitivity and 
specificity (93% and 75%) in subsequent patients. 

BmSTATIN 

Ditistatin is a member of the disintegrin family of 
cy.steine-rich polyi-Kiplide-s, many of which act as plate- 
let aggregation inhibitors. Disintegrins were initially 
identified in viper venoms, but have since been found 
in other species as soluble proteins and in mammcil- 
ian tissues. The molecules are highly folded into mul- 
tiple loop structures and are constrained in this con- 
figuration by multiple disulfide crosslinks. Of the 
platelet-inhibitory disintegrins, all but one contains 
RGD at the apex of a flexible loop su-ucture; this is 
believed to be the binding domain for GPIIb/IIIa.^t* 

A variety of disintegrins purified from viper venoms 
were radioiodinatecl and tested for their ability to 
image thi ombi in the standardized ermine model of 24- 
h-old DYT.^^ Despite the sequence similarity among 
the group, distinct differences in thrombus uptake 
and biodistribution were observed. The disintegrin 
with the best imaging characteristics was bitistatin, 
isolated from Bitis arielans (puff adder) venom. 
Bitistatin contains 83 amino acids, widi 7 internal dis- 
ulfide crosslinks. i^^I-bitLstatin had highei* thrombus 
binding (0.210%ID/g) than any of the odier disinte- 
grins, although all disintegrins had belter thrombus 
uptake (0.009-0.036%ID/g) than the short cyclic or 
linear peptides tested in the same model. At 4 h post- 
injection, '-^-^I-bitistatin thrombus-to-bkx)d ratk)s (9.8) 
were higher than all other disintegrins and higher 
than po.sitive controls «2Si.tjbrinogen (2.8) and Wnq'c- 
autologoiis platelets (5.0).2> 123} -bitistatin displayed 
moderate blood clearance rates: fa.ster than mono- 
clonal antibodies, but slower than shoit synthetic pep- 
tides. A significant fraction of lalx'led biti.statin binds 
reversibly to circulating platelets in vimx Kxcretion is 
primarily through the renal pathway. Besides die kid- 
neys and bladder, the main organ vLsuali/ed is the 
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spleen. Images of DYV were charaaemed by focal 
uptake which accurately reflected the size of the 
thrombus, and low soft tissue Ixickground for high 
rhrombus-to-background rati(xs. 

liitistalin hits been modified with HYNIC for lalx:!- 
ing with reduced "^"'J'c. Uilx'ling is accomplished by 
transchelation from "^^"^ rc-glucohcplonatc or w.i»Tc- 
tricine to avoid exposure of bitistiilin's disulfide l:)onds 
to reducing agents.^^ Hitisiatin is now produced by 
recombinant DNA expressi(^n.-^ 

La[')eled bilistatin was also rested for its ability to 
image pulmonale i:mboli (PLO. In a model of 24-h-old 
Pli, •^n-bitistat.in (0.64%lD/g) and ^«Tc-bitislaiin 
(().89%ir)/gJ bad higher tiptake in than »2^I-fibrino- 
gen (0,18%ID/g) or 99mTc-autologous platelets 
(0 J4%ID/g). Ratios of PIi:-to-bk)od were also higher: 
27 for '-^I-biiisLalin vs 2.7 for fibrinogen and 4.1 for 
plaieleis PH uptake of labeled bilLstatin could be eas- 
ily seen over lung background, and liver uptake is 
low.^- 

Ligunds/or other receptors on platelets 

LAMIMN ANAU)(UII-S 

Laminin is a 900 000 Da basement membrane pro- 
tein tlrav promotes the attachment and migration of a 
variety of cells. The laminin receptor on platelets is 
present in about 1 000 copies per cell. *i*his receptor 
is also known as VJA-6 or inregrin <x6pl. The sequence 
YIGSR from the center of the laminin chain has been 
identified as one of the main binding domains. A 
related peptide CDPGYIGSR was synthesized for test- 
ing as a ihrombus-iinaging agent.-^ The peptide was 
labeled with ^^^mXc by direct stannous reduction and 
was shown to bind to platelets. In normal rats, excre- 
tion was primarily through the kidneys with a small 
amount of hepatobiliaiy excretion. 

Tl lUOMIlOSPONDtN ANAIXXUIRS 

Thrombospondin (TSP) is a 420 000 Da protein 
which contains 3 identical subunits. It binds to fibro- 
nectin, laminin. type V collagen, and fibrinogen as 
w(,'ll as to platelet surface receptoi-s. Smaller analogues 
of thrombospondin were synthesized, based on the 
putative platelet binding domain of TSP, Cys-Ser-Val- 
Thr-Cys-Gly.-'' A related analogue which also has 
binding activity, Cys-Ser-Val-Thr-Cys-Arg, was also 
tested. '1 wo peptides. TI>1201 and T1^1300 were gen- 
erated from these starting sequences, coupled to a 
Tc binding sequence (Giy-DAla-Cily-Gly) and labeled 



with wm7(^ M Tliest! peptides were cajrable of inhibit- 
ing platelet aggregation (IC50s were 337 and 306 nM 
for TIM 201 and TP1300, respectively). In a i-abbit mod- 
el of PH, thrombotic uptake of these peptides was 
not as liigh as for the fibrin-tai^ieted peptide '"''"Tc-I^HSO 
discussed above. ^ Because of the differences Ixitween 
the animal models, tlut in iHvo behavior of these pep- 
tides could not be direcniy compared with other plate- 
let-binding radiotracers discussed above. 

Thrombin-tar^cted peptides 

'Itiere have been attempts to image thrombi by using 
a radiopharmac-eutical which binds to llirombin ranain- 
ing in the fibrin network of a thrombus. Normally 
dirombin in the bk)od is generated fn^m its zymogen, 
protlirombin, as needed. I'xc:ess thrombin in the blood 
is quickly neutralized by endogenous inhibitors such 
as antitlin)mbin III. It Is tlieorized that dimmbin in a clot 
is protected fmni such inhibition, but Ls accessible to 
peptide radknracei-s which could bind there. 

HiKUniN ANAI.OOin'S 

nirudin is a 65 amino acid thrombin inhibitor found 
in the saliva of die leech l lirudo medicinalis. This sin- 
gle chiiin peptide contains 3 intni-chain disulfide bridg- 
es and a sulfated tyrosine. It binds to both exosiie I of 
thrombin (the fibrin binding sitcj as well as to the 
active site of thrombin. Recombinant hirudin has been 
produced but is not sulfated at the tyrosine residue. 
Hiailog (bivalirudin, BG8967; Biogen, Cambrid-ge, 
MA, USA) is a synthetic 20 amino acid peptide ration- 
ally designed from structural studies of himdin. It is an 
approved thix)mbin inliibitor for the management of 
cardiovascular disease, as an alternative to heparin. 
Hiailog contains 2 binding domains. The amino termi- 
nal domain, DPhe-Pro-Arg-Pro-, binds to tiie active 
sire of thrombin. It Ls joined by a 4-glycine linker to the 
2'^' domain DGDFKFJl>KKYI. which Is mcxleled after the 
carboxy terminus of hirudin. This 2'^' domain binds to 
the ank)n-binding exosite in thrombin (the fibrinogen 
binding site of thrombin). Hirudin and hirulog are 
believed to inliibit clot-bound heparin. In contrast to 
hirudin, which binds tightly to thrombin, iiirulog is 
transient inhibitor of thrombin. Tlic Arg-Pro bcmd in 
the amino terminal domain is readily cleaved, result- 
ing in a molecule with weaker inhibiloiy activity.-'** 

Himlog was labeled with • '-'^l using the CJhlonimine- 
T melhcxl. The lalx.*led peptide was initially evaluared in 
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a rat thrombus iTKxJel in which an etched metal thread 
was used to initiate tliroml^us formation. Problems witli 
iliu instability of tliu radioiixline lalxil need to Ix; solved 
for creation of an oi^timizoJ imaging agent .» 



Inflammation/infection 

A i\icc.n\ artic le provided an excellent review of all 
liic ciinenl radiopliarniaceuticals for imaging inflam- 
mation and infection.^" These conditions are often 
discussed together, perhaps because they have been 
difficult to differentiate by the imaging tests which 
have been available. Inflammation is the reaction of 
the body to injuiy, whether or not it involves micro- 
oi^janLsnis. Infection is the result of invasion by micro- 
organisms. Because white blood cells invade both 
types of lesions, labeled white blocxl cells can detect 
both inflammation and infectit)n. It is generally recog- 
nized that autologous white blood cells labeled ex 
tAm with ">In-oxine or ^>»»Tc-HMPAO are useful for 
imiiging inflammation and infection, but that the lalxil- 
ing method Is not convenient. The radiolabeled pep- 
tides discussed in this section are primarily based on 
an attempt to label white blood cells in vivo by a sim- 
ple injection of i-adiolabeled peptide. 

TlJl-TSlN ANAUXU.'IuS 

is an asymmemcal chelator-contiiining antag 
onist to the tuftsin (immunomodulating peptide) recep- 
tor. The tuftsin receptor i.s expressed by neutrophils, 
monocytes and macrophages. Tufiusin Ls a leukoki- 
nin-derivcd tetrapeptide that prom<5tes chemotaxis of 
these phagocytic cells. An antagonist peptide, TKPRR, 
has 4-fold greater receptor affinity than does tuftsin. 
TKJ^RR was coupled uia a glycine residue to dimethyl- 
(Uy-Ser-Giy (acetamidomethyi), an N3S chelator for 
W'^Ic, to create RP 128. RP128 (unlabeled) was able to 
compete with iodinated VKGF-A165 for binding to 
HUVKQ with an IC^c of 11.5 uM.^i In animal models, 
^»'Tc-RP128 accumulates in both infections and ster- 
ile inflammation. In human subjects, *^n^'Jc>RP128 
cleared rapidly from blood and other tissues, witli no 
significant accumulation except kidney and bladder 
and the synovia of some joints, especially the knees. 
The low background in Uie al^domen should be favor- 
able f(M- imaging Crohn's disea.se. Tlie peptide accu- 
mulated in clinically affected joints in rheumatoid 
arthritis although no gold standard was available for 



Vii! i? . No. 4 mKOiiARn^KtY joi;i 



comparison. The peptide did not bind significantly 
to cells in whole blood, in contrast to expected bind- 
ing to neuuophils. 'Hie meclianlsm of uptake therefore 
remains to be explained. It may Ix: diat the numIxT of 
receptors on resting neutrophils is low in contrast t<» 
activated neuirophils..^- 

CnuMO rACj ic iM-m i 

Formyl-Met-Leu-Phe (f-MLF) is a chemotaciic pep- 
tide which binds to white blo(Kl cells. It has been 
studied for a number of years as a way to carry a 
radiolabel to neuuophils, using a variety of labeling 
approaches. There is concern about the neutropenia 
caused by administering even k)w doses of this chem- 
otactic peptide. It is not clear whedier the specific 
activity of the labeled [peptide can be made high 
enough to avoid neutropenia. 

TI>765 Is an analogue of fMLF which contains a tet- 
rapeptide Gly-Gly-DAla-Gly to cx)mplex reduced '>^^Tc. 
The teu-apeptide chelator is placed on the c^-arboxy 
terminus of the chemotactic peptide, witli an intcjven- 
ing spacer (4-aminobutyric acid) to minimize steric 
effects. In animals, '^>nTc-TI^765 cleared rapidly from 
the blood (90% had cleared by 45 minutes) and accu- 
mulation was seen in sterile absce.sses and sites of 
bacterial infection. 

A related chemotactic peptide, fMLl'K, was labeled 
with 99i»»Tc using etliylene dicysteine {\\C) as chelating 
system to enhance renal excretion. In a prelormed 
chelate approach, EC was lalxiled with ^^-^''Tc, activat- 
ed at a carboxy function and coupled to the peptide. 
When added to blood, 68.1% of activity was bound to 
WBC, of which 86% was bound to graniilocytcs. In 
mice, however, excretion was predominantly iiepat- 
obiliaiy C24.5±48.8%) not renal (17.9%). 13ec-au.se of the 
resultant abdominal activity, tliis peptide was judged 
unsuitable for imaging infections.-^^- ^' 

S-benzyl mercaptoacetyl dipeptides containing 0, i 
or 2 carboxyl functions weix: used to derivatize fMLFK 
for labeling with reduced Tc. Although inclusion of 
caii)oxyl functions reduced liepatobiliaiy excretion, the 
reduction was not adequate to make these pejxides 
suitable for in imaging of occult infection in the 
abdomen.-^ 

INTI'^HI.IUIKIN-S (IL-8) 

IL-8 Ls a 72 amino acid chemotactic cytokine (Figure 
2) that binds to CXC type I and type II receptors on 
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neutrophils and monocytes with high affinity (0.3-4 
nM). Tliese receptoi-s are present in high concentra- 
tions (20 000-80 000/neutrophil). A concern with the 
use of this peptide is its effect on circulating leukocyte 
counts: a dose of 25 M-g/kg causes a transient drop in 
leukocyte counts. Recombinant IL-8 was radk)iodi- 
nated widi '23i for initial clinical studies -^^ but the spe- 
cific activity was not high enough to avoid transient 
neutropenia. 



Recombinant IL-B was then lalx?led with ^'^^Tc using 
a HYNIC chelating agent. In rabbits widi E. coli thigh 
infection, ^^"l'c-lL-8 performed Ixitter than a negative 
control (99mTc-lysov:yme): uptake (0.33% us 0.025% 
ID/g), abscessrblood (11.9 i^i'0.24) and ab.scess:muscie 
(127 vs6.7l 99...TC-HYNIC-IL-8 is excreted renally wi\h 
28%ID retained in kidneys. Neutropenia was transient 
(30 m\rO and modeiate.36 in rabbins with pulmonary 
infections (aspergillosis in irninimocompromLsed rab- 
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bits or H. coli induced pneumonia in ininiunocompe- 
tent rabbits), ^^n^c-lTYNIC IL 8 was superior to ^-'Ga-cit- 
rate with respect to tart<ct-to-back£jround raticxs, lower 
background signal and lower radiation cxposure.^^ 

When recombinant 11.-8 was lalxicd with ^Tc lusing 
the I lYNIC l:)ifunctionHl chelator, it was found that the 
pn»ixnties of tlie labeled peptide varied greatly depend- 
ing ujX)n the coligand used to stabilize the Tc-HYNIC 
complex. Of various coligands tested with this s>'siem, 
tricine+nicotinic acid resulted in the best properties 
for inl'cction imaging: high specific activity (up to 80 
MHq/[ig), high in t/z^ro stal:)ility; high abscess/muscle 
ratios (>200) and high abscess/background ratios (>20) 
in rabbits with E. coli infections. The liigh specific 
activity label would permit imaging with adtnini-stered 
do.5es of peptide :ls low as 70 ng/kg. * 

V\j<\v,u'x iwcroR 4 akai.ocu;k 

P483 Is a peptide derivative of die heparin binding 
regk)n of platelet factor 4. Tlie sequence is given in 
Figure 2. ^"Tc-P483H is a peptide-heparin complex. 
This peptide complex binds to monoc>'tes and neu- 
trophils, as determined by microscopic studies of flu- 
orescent binding. Binding to these cells could be 
reduced by 100-fold excess cold peptidc.^^^ In rabbits 
with 24-h acute co/i muscle infec tions. *>'^"Tc-P483II 
had liigher infection/l:>lcK;d (2.5) and infectioix/muscie 
(23.5) than other common tracers (0.2-1.8 and 6.1-15.4) 
such as BW 250/183, LeukoScan, TechneScan, RP128 
and human \5C^Cs. In a model of inflammation (human 
white blood cell depot in rabbit muscle) lesionA)lood 
and lesion/rau.scle ratios (1.6 and 4.9, respectively) 
were lower in inflammation dian in infection.''^ 



Infection-selective agents 

It would be desirable to have an imaging test which 
could differentiate between infection and sterile 
inflammation. -^t^ The peptide approach to this has 
involved labeling antimicrobial peptides, which spe- 
cifically bind to microorganisms rather than white 
blood cells. The amino acid sequence of a number of 
these peptides is given in i'igure 3. 

Di:Io:nsin 

Human neutrophil peptide- J (HNP-1) Ls a member 
of the cicfensin family of mammalian antimicrobial 



peptides. ITiis 30 amino acid peptide contains 3 inter- 
molecular disulfide bridges. It is .stored in the granules 
of human neutrophils and kills microorgani.sms after 
they have been phagocytixed. The killing mechani.sm 
is thought to be related to an electrostatic interaction 
between the positively charged defensin pei'>lide and 
the negatively charged bacterial surfacx: molecules, 
rendering the bacterial cell wall pcrnKrabk-. IINP-1 
was obtained from human neutrophil granules and 
purifed by reversed-phase I IPLC. The peptide was 
labeled with i^^^Tc by a direct .stannous chloride/potas- 
sium borohydride metlKxl. It Ls not known whether die 
disulfide bridges were altered by this process. Wiu-j'^;- 
HNP-1 accumulated al: sites (^f bacterial infection in 
mice faster than 99mje-IgG. However, 'W'"Tc-HNP-1 
appeared to wash out from the infectkiii after reach- 
ing peak uptake at 15 min. 'I'he explanation for this 
reversal may be the antibacterial effect of the labeled 
peptide. ^-'^"Tc HNP-l does not bind signific-andy to 
neutrophils but binds to bacteria.^' 

'^^"Tc-HNP-1 had higher discrimination forl)actcria 
over leukocytes than *^"Tc-ubiquiciclin peptides (see 
loelow), when tested in a mou.sc model'- It is not 
prefened over ul>iquicidiri j")eplides, howtrvc^r. because 
it is too large and complex to be conveniently j)re- 
pared synthetically. 

UBIQI.-ICIDIN ANAlX^r.URS 

UBI is a 6.7 kDa linear peptide (59 amino acids) 
which is a natural mammalian antimicrobial agent. 
Synthetic peptides comprising various portu)as of UBI 
were s)mthesized and tested for their ability to target 
bacterial infecdoas.^2 g^ch peptide was radiolabeled 
with ^'^'^Tc by a direct reduction technique. It is not 
known which amino acids in the peptides bind the 
reduced Tc or how this affects the structure of the 
complex. Tlie labeled peptides were stable in serum 
in vilro and >90% was excreted intact in urine collect- 
ed from experimental animals."** 

In vitro, *>^"Tc-lJBI peptides showed higher binding 
to bacteria than to leukocytes. The peptides with the 
best binding to bacteria were UBI .18-35, UHl 31 38, 
UBI 29-41 and UBI 22-35. The degree ol* binding did 
not correlate with the number of positive charges on 
die j:)eptide. Binding of these peptide radioligands 
could be reduced by prcincu bating tlie cells with 
unlabeled corresponding peptide, which suggests a 
specific interaction with the bacteria. Interestingly, 
binding of 9*J'"Tc intact UBI (1 59) to bacterial cells in 
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Vitro was much lowetr than the binding of the labeled 
short peptide.s.'*^ 

*^"Tc-UBI peptides were tested for their ability to 
detect bacterial infections and distinguish them from 
stenle inflammations. In mice and rabbits with S. aure- 
us or Klebsiella pneumoniae infections, images of 
sites of infection with ^^nTc-UBI 18-35 and 99inTc-UBI 
29-41 were positive by S-15 min postinjection/^ 
Targel/nontarget ratios of up to 5 were obtained by 4 
h.'^^ In .S". /awr(?;-^v infection, the uptake of 95^iTc-UBI 18- 
35 and w>"Tc-UBI 29-41 correlated witli the bacterial 
density, measured before and after antibiotic treat- 
ment. No significant accumulation of tracer (tar- 
get/nontarget <1.5) was seen in animals witli sterile 
inflammations/'' Interestingly, Tc-UBl did not detect 
sterile inflammation causecl by injection of hcat-killed 
bacteria, despite the proposed mechanism of binding 
electrostatically to bacterial cell wall/^ 

w.»iTc-UBI 29-41 was able to detect S. aureus infec- 
tions in mice even if the mice were leukocytopenic, 
indicating that the mechanism of localization in infec- 
tion does not involve ieukocytcs.^^ Studies comparing 
«)».iin']\;4j|3i 29-41 with a scrambled-scquencc vcreion of 
the peptide indicated that both bind to bacteria, but 
the scrambled sequence bound less well. It may be 
that the antimicrobial function of UBI peptides is 
based both on amino acid sequence and the cation- 
ic character of the peptide.^^ 

In iz/yobiodistribution studies in mice showed that 
excretion of '^^"Tc-UBI 29 41 is rapid and primarily 
through the kidneys."*-** 

mLF Pi-:rrii')i:s (human L^a'Oi-iuuuN rHimi)rus) 

I-iictofen in is a 692-amino acid iron-binding protein 
found in lx)dy fluids, secretory granules of neutrophils 
and mucosal epithelium. It iniiibits viral and bacterial 
growth, and it has bactericidal action related to its abil- 
ity to hind to bacterial mernbnmes and disrupt them. 
Short peptides which contain highly cationic domains 
near tlie N-terminus have been found to have antimicro- 
bial activity without the iron-binding function.'^? 

Short peptides from lactoferrin (Figure 3) were test- 
ed for tficir ability to target infections, 'iTie peptides hLF 
1-11 and 2-11, when labeled with *^^»Tc by a direct 
reductk)n technique, bound well to bacterial cells in 
vitro. Unlike '^^^Tc-UBI peptides, however, the labeled 
hLF peptides also bound to human leukocytes. This 
makes them less useful for imaging infection, becmise 
they cannot adequately discriminate between bacte- 



rial infection and stenle inflammation. Fuitliennore, the 
peptides tested had a relatively high degree of iiepat- 
obiliar)' clearance/^^ 

AlJ^FOSFAIJN 

Alafosfalin, CS)-alanyl-(R)-l-aminoethylphosphonic 
acid, is a dipeptide phosphonic acid. It has broad- 
spectami antibiotic activity, and is actively transport- 
ed into the intracellular space of bacterial cells by 
stereospecific peptide permeases, after which it is 
cleaved intracellularly to a metabolite which binds to 
and inhibits alanine racemase and interferes with bac- 
terial cell wall synthesis. '1 he compound is labeled 
with ^'Tc by a direct reduction technique. It is hypoth- 
esized that the Tc is coordinated with both amino 
nitrogens and the phosphate hydroxy group, possibly 
with 2 alafosfalin molecules per Tc. It is believed that 
the functional groups needed for binding to the per- 
mease protein are used for binding the metal. Despite 
this, 99mjc-Alafosfalin was shown to bind to S. aure- 
us and binding was reduced with increasing concen- 
trations of peptide. In rats, the radiolateled peptide 
cleared rapidly from blood and was concentrated pri- 
marily in kidneys/urine and bone. Very little liver or 
.spleen activity was seen. There was considerable dif- 
fuse muscle background in images. The peptide accu- 
mulated in 5, aureus infection in the thigh of rats, 
although the abscess concentration declined between 
1 and 4 hours whereas 95''"Tc-HMl^AO-leukoc>tes (pos- 
itive control) continued to accumulate during this 
time. The target-to-nontargct ratio of 4.3 at 4 h was 
lower than Tc-leukocytes (20 at 4 h).''** 



Other diseases 

Atherosclerosis 
Enoothiujn 

Endothelin is a 21 amino acid peptide (Figure 2), is 
a potent vasocoastrictor which helps to maintain vas- 
cular tone by interacting with receptors ETA and ETB. 
Alteration in endothelin function is involved in vari- 
ous vascular diseases. In human atherosclerotic cor- 
onary arteries, high densities of ETB receptors co- 
localize with infiltrating macrophages. It may be that 
the density of macrophages in atherosclerotic lesions 
is an indicator of plaque vulnerability and the risk of 
plaque rupture. 
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The peptide F.ndothelin-1 was labeled using 4-[^«F] flu- 
orobenzoate and jxirified by rcversed-ph;ise HPir. The 
radioligand was found Lo bind in vitro to renal medul- 
la but had only low binding to renal coitex. Binding to 
medulla was blockablc with unlabeled endothelin-1 
anci. partially by ligands specific for ITTA and EUl,'^ In 
vitrx), high levels of »«F-endothelin binding to coronary 
artery plaque were found co-localLsed svidi infiltrating 
macrophages. Tliis radioligand may be useful for PET 
imaging of vulnerable coronary artery [)iaques.^ 

A smaller endothelin derivative was created wWch 
contains the binding sequence Phe-DTrp-Leu-Asp-Ile- 
Ue-Trp based on the C-terniinal sequence of endothe- 
lin-1. It was synthesized to contain a Tc-binding 
secjucnce, Mp-Gly-Gly-Cys-Gly-Cys, at die N-termi- 
nus. After labeling with '^^^Tc, this peptide was tested 
for its ability to localize in atherosclerotic aortns in 
raboiLs. Scintigraphy was positive for radiotracer uptake 
within 15 minutes after injection. Histologic analysis of 
the aorta indicated that accumulation of this radiotrac- 
er correlated with the number of neointimal smooth 
muscle cells. Radiou*acer accumulation was also not- 
ed in the liver, heart (blood pool) and kidneys.*^^ 

DiahpAes 

C:-peptide (Figure 2) is a connecting peptide which 
is removed from the precursor of insulin (proinsulin) 



during the release of the mature insulin molecule. C- 
peptide may be useful in preventing or limiting .some 
of the complications of diabetes because of its actions 
on vascular and ulmvous systems. C-pepi icle has 
been shown to bind to cell meinbianirs, bind eNOS 
and Na+K+-ATFase activity and to affect renal and 
nerve dysfunction in insulin-dependent diabetes 
patients. C-peptide was labeled by conjugating the 
N-terminus to N-siiccinimidyl-P«F]fluoroben/oate. in 
a monkey model, excretion was primarily by the renal 
pathway. Tlie goal of this study wa.s limited to .stud- 
ying normal tissue distribution ))rior to performing 
studies in patients.'^^ u is not yet known how a labeled 
C-peptide analogue might be used in providing clin- 
ical diagnostic information. 

Amyloid dep()$iis/Alzhcimer\s disease 

Aiiiyloid deposits are associated wiiii a vaiiety of 
diseases including Al/heimers disease, type II dia- 
betes mellitus and dialysis arthropathy. Amyloid 
deposits take the form of fibrillar aggregates which 
interfere with normal tissue growdi and function. 
Amyloid deposits apparently are constantly being 
turned over, because when treatment is provick^d to 
stop the formatk)n of new fibrils, the existing depos- 
its regress,'^'^ Serum amyloid F component, a plasma 
protein, has been labeled with ^^-^I and '^'I and used 
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to image systemic amyloidosis clinically. '^^ It has not 
lxx*n successful for imaging Aly.heimei*'s disease, how- 
ever, ptrrhaps because its large size prevents it fruni 
crossing the blood/brain barrier^' 

Radiolabeled peptides are under development for 
imaging amyloid deposits in Alzlieimei-'s disc^ase. Beta- 
amyloid depasits am form from polymerization of P- 
amyloid peptide fragments from proteolysis of amy- 
loid precairsor protein, so labeled peptide fragments 
should be incorporated into amyloid fibrils. 

'^"M-labeled amyloid p(l-40) (Figure 2) is able lo 
cross the blood-brain barrier to reach amyloid depos- 
its in brain. l*or external imaging, an analogue of amy- 
loid PCl-40; was synthesized with a DTPA group replac- 
ing ihe 2 N-lerminal amino acids. This peptide conju- 
gate was labeled with '»'In. »'»In-DTl^A-amyloid p(3-40) 
had the same l:)inding rate and extent to i?i vitro ^my- 
loid deposits as t25i_jnnyloid P(l-40), and was able to 
bind to and image synthetic amyloid deposits in rats. 
Tlie i^eptide was stable in rat blood for several hours. 
Tlie binding was judged to be specific by autoradio- 
graphic cotnparison with tissue stains.*'" 

The amino acid sequence essential for P-amyloid 
peptide polymerization has been identified to be 
KJ.VFF, which l:)inds to otlier identical domains in oth- 
er amyloid peptide strands. A syntlietic peptide, ffvlk, 
which uses all D-amino acids and the reverse 
sequence (retro-inverso) has twice the affinity of the 
native pentapeplide sequence. This peptide was used 
to prepare a tandem dimcr linked at tlie 2 C-termini 
by a Lys-p-Ala spacer. It was also used to produce a 
hexamer based on 8-branched amino-PKG (the 
remaining 2 amino groups were coupled to biotin; 
final MW=10 kDa). The peptides and conjugates were 
labeled with either tritium or a fluorescent tag for 
detection. The tandem dimer had 100-fold greater 
affinity for P-amyloid fibrils in 7>^7rathan the monomer, 
and the (>-copy ffvlk on a FHG backbone had a 10 000- 
fold greater affinity (Kd=0.1 nM). A pasitivcly charged 
group is essential to inhibit fibril formation. A remain- 
ing problem Is to radiolalxfl this conjugate and enable 
it to uoss the blood-brain banner. 
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ABSTRAa 



Objective: To develop and validate a simple method for detecting dementia that 
is valid across cultures, portable and easily administered by primary health care 
clinicians. 

Design: Culture and Health Advisory Groups were used in Stage 1 to develop 
culturally fair cognitive items. In Stage 2, clinical tesdng of 42 items was 
conducted in a multicultural sample of consecutive new referrals to the geriatric 
medicine outpatient clinic at Liverpool Hospital, Sydney, Australia (n= 166). 
In Stage 3, the predictive accuracy of items was assessed in a random sample 
of community-dwelling elderly persons strarified by language background and 
cognitive diagnosis and matched for sex and age (n ~ 90). 

Measurements: A research psychologist administered all cognitive items, using 
interpreters when needed. Each patient was comprehensively assessed by one 
of three geriatricians, who ordered relevant investigationSj and implemented a 
standardized assessment of cognitive domains. The geriatricians also collected 
demographic information, and administered other functional and cognitive 
measures. DSM-IV criteria were used to assign cognitive diagnoses. Item validity 
and weights were assessed using frequency and logistic regression analyses. 
Receiver-operating characteristic (ROC) curve analysis was used to determine 
overall predictive accuracy of the RUDAS and the best cut-point for detecting 
cognitive impairment. 

Results: Tne 6-item RUDAS assesses multiple cognitive domains including 
memory, praxis, language, judgement, drawing and body orientation. It appears 
not to be affected by gender, years of education, differential performance factors 
and preferred language. The area under the ROC curve for the RUDAS was 0.94 
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(95% CI 0.87-0.98). At a cut-point of 23 (maximuin score of 30), sensitivity 
and specificity were 89% and 98%, respectively. Inter-rater (0.99) and test-reiest 
(0.98) reliabilities were very high. 

Conclusions: The 6-item RUDAS is portable and tests multiple cognitive 

domains. It is easily interpreted to other languages, and appears to be culturaHy 
fair. However, further validation is needed in other settings, and in longitudinal 
studies to determine its sensitivity to change in cognitive function over time. 

Key woitls: dementia, muiticuftufal, cognition, assessment, cuituraiiy fair, primary health care 



introduction 

Projected increases in migration and the aging population will have significant 
demographic and social consequences for many of the world's coimtries during 
the first half of the twenty-first century (Martin, 2001; United States Department 
of Commerce et al.^ 1999). In 2001, approximately 150 million people lived 
outside their country of birth (Martin, 2001). By 2025, the world's population 
65 years of age and above wil] more than double, and economically, the world 
community will face an elderly support btirden almost 50% larger than that in 
1998 (United States Department of Commerce et aL, 1999). 

Disorders such as dementia, which disproportionately afifect the oldest age 
groups, cause considerable morbidity to patients and carers, and generate large 
health-care costs. Early detection of dementia is critical for the purposes of dif- 
ferential diagnosis, secondary prevention and psychosocial intervention (Brodaty 
and Moore, 1997; Sandson and Price, 1996; Small, 1998). Developing a simple 
method for detecting dementia that is valid across cultures, easily portable 
and easily administered by primary health care clinicians would provide 
more equitable access to health care to those already at high risk of poor 
outcomes. 

iMost previous attempts to develop instruments for this use in culturally 
diverse populations modified or translated scales that were originally developed 
in dissimilar groups. For example, the Folstein Mini-Mental State Examination 
(MMSE) was developed in an English-speaking population, but is nevertheless 
commonly used to assess cognition in persons from culturally and linguistically 
diverse backgrounds (Folstein et al^ 1975). MMSE scores are influenced by 
age, education, ethnicity and language of the interview (Escobar et aLy 1986). 
Many words cannot be easily translated and several concepts are not relevant to 
people from other cultures. On excluding items that might be culturally biased, 
ethnic differences in the rates of "severe" cognitive impairment disappeared. 
Escobar concluded that the MMSE should be revised to diminish social and 
education artefacts, through item selection and weighting. Furthermore, the 
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iViMSE usually fails to detect cognitive impairment primarily involving the 
frontal lobes (RoyaU et al,, 1994). 

The Fuld Objea-Memory Evaluation (FOME) was an early anempt to 
develop an instrument that was culturally fair (Fuld et al.y 1 988). This instrument 
is not easily portable, tests only a few cognitive domains> and is difficuh to 
standardize across cultural settings. In a study of elderly African and European 
Americans, the FOME had a sensitivity of 93%, but a specificity of only 63.5% 
(Mast etal.y 2001). 

The Cognitive Abilities Screening Instrument (CASI) borrowed items firom 
the MMSE, the Modified Mini-Mental State Test and the Hasegawa Dementia 
Screening Scale (Folstein et a/., 1975; Hasegawa, 1983; Teng and Chui, 1987; 
Teng et a/., 1 992). Comparisons across cultural groups are difficult, due to a lack 
of standardized items in multiple versions of the instrument and the significant 
effect for education in some cultural groups (Graves et a/., 1993; Shadlen et a/., 
2001). 

The Elderly Cognitive Assessment Questionnaire (ECA<2) was developed in 
Singapore in a predominantly male population, and includes 1 0 items taken firom 
the IViMSE and the Geriatric Mental State Schedule (GMS) (Copeland et a/., 
1976; Folstein era/., 1975;Kua andKo, 1992). The ECAQ uses a 4-digit number 
to test memory recall, and relies heavily on demographic information (such as 
date of birth) that may be difficult to confirm in patients from diverse cultural 
backgroxmds. The ECAQ reports a sensitivity of 85.3% and specificity of 
91.5%. 

The 2-stage Cross-Cultural Cognitive Examination (CCCE) was developed 
for use in cross-cultural epidemiological dementia research (Glosser et al,^ 1 993). 
llie CCCE was developed in subjects from Guam and the United States, and 
used the transiation-back-translation procedure to ensure cuiturai fairness. The 
reported 1 00% sensitivity and 83% specificity of the 5-minute, 6-item screen and 
the 94% sensitivity and 99% specificity of the 20-minute mental state exam are 
impressive. However, the average age of the participants in the Guam validation 
study was 52.6 years, and only 1 8 of 1 1 5 w^ere diagnosed as definitely or possibly 
demented. The young age of the participants is unusual in dementia research, 
and the results may be difficult to generalize to other older populations. 

The Community Screening Interview for Dementia (CSI'D) also used 
the translation-back-translation procedure to develop a lengthy cognitive and 
informant-based instrument for use in Cree-speaking nadves living on reserves 
in Manitoba, and English-speaking residents in Winnipeg (Hall et al.y 1993). 
The CSI'D is further limited by the need to interview a rehable informant. 
A re\'ised version was recently evaluated in the original samples as well as in 
African Americans in Indianapohs and Jamaica and the Yoruba population in 
Nigeria (Hall et al.y 2000). The areas under the receiver-operating charaaeristic 
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(ROC) curve with and without informant data were 0.82-0.97 and 0.74-0.93, 
respectively. Education had a significant effect at most sites. 

The .Mini-Cog is the shortest and most portable of the recent cross-cultural 
instnunents (Borson et al.^ 2000). It combined a 3-item memory task and a 
clock drawing task, and reported a sensitivity of 99% and a specificity of 93% in 
the development sample (validation data not reported). While the 3-item recall 
task was the more powerful component in the Mini-Cog, our work suggest that 
the accuracy of clock drawing may be modes* at best in multicultural samples 
(Storey a/., 2002). 

Researchers who believe that behavior can only be understood within the 
cultural context in which it occurs suggest that concepts and instnmients should 
be developed for each distinct cultural group (Kim, 2000). Can we reasonably 
believe however, that Italians who migrated to Australia 50 years ago are similar 
culturally and linguistically to those who have always lived in Italy? Acculturation 
research suggests that the same criteria should not be used to compare natives 
living in their country of cultural origin to those who have relocated to a 
different culture (Berry, 1997; Bourhis et a/., 1981; Harwood et aU 1994). 
Furthermore, the existence of several thousand different cultures and languages 
makes the development of distinct instruments for each group clearly impractical 
(Bernatzik, 1957; Swadesh, 1967). While we acknowledge that both inherited 
and environmental factors probably influence cognition, we believe thai humans 
have common experiences that allow cognition to be measured independent of 
cultural differences (Berry et a/., 1992). 

In this paper, we report the development and validation of the Rowland 
Universal Dementia Assessment Scale (RUDAS), a scale that fulfils many of 
the requirements needed to accurately assess cognition in culturally diverse 
populations. 



Method 

Stage 1 - Development of Items 

AIMS 

The aims of the item-development stage were to: 

1. Identify cognitive domains important in the assessment of cognition 
(particularly those associated with early cognitive impairment). 

2. Propose potential items to measure cognition in each of these domains. 

3. Optimize the psychometric validity, and cultural and linguistic equiva- 
lence of the proposed items. 

4. Develop a final list of items to test in a culturally heterogeneous 
population. 



Tabl e 1. Aims and ou 

GROUP AIM 

Health Identify* 
in assess: 



Ist Culture 



2nd Health 



Ml 



Explore 
Assess c 
cognitiv 
rclcvanc 
sensiti'/i 
normal 
Propose 
nitive d 
andvali 
based it 

2nd Culture Assess 
and Hn 
modific 
Revise 
items. 
Final ♦ 
review. 



3rd Health 
3rd Culture 



.^ii' ADVISORY GROXJl 
^^i^. After a comprehend 
^^f- help us identify anc 
^^i; Group included p 
medicine, aged can 
physiotherapy, soci 
validity of cultural 
Group (representa 
on the cultural an 
suggest modificatic 
to conduct the twc 
Table 1. 



XTEM-INCLUSIO: 

The advisory grou 
were reviewed by e 



RUDAS: a multicultura! cognitive assessment scale 17 



).82-0.97 and 0.74-0.93, 
: sites. 

f the recent cross-cultural 
item memory task and a 
md a specificity of 93% in 
.). While the 3-ii:em recall 
>g, our work suggests that 
: in multicultural samples 

)e understood within the 
:s and instruments should 
000). Can we reasonably 
a 50 years ago are similar 
'ed in Italy? Acculturation 

used to compare natives 
vho have relocated to a 

Harwood et al., 1994). 
nt cultures and languages 
. group clearly impractical 
ledge that both inherited 
1, we believe that humans 
neasured independent of 

lidaiion of the Rowland 
jcale that fulfils many of 
ion in culturallv diverse 



Table i. Aims and outcomes of advisory groups in item development 



-ment of cognition 
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GROUP 
1st Health 



AIM 



OUTCOME 



1st Culture 



2nd Health 

2ad Culture 

3id Health 
3rd Culture 



Identify cognitive domains important 
in assessment of cognition. 



Explore the meaning of culture. 
Assess cultural relevance of proposed 
cognitive domains for conceptual 
relevance and importance, cultural 
sensitivity and specificity, and role in 
normal and abnormfd function. 
Propose potential items for each cog- 
nitive domain ^jjreviously published 
and validated items, and experiential- 
based items). 

Assess proposed items for cultural 
and linguistic fairness, and suggest 
modifications where appropriate. 
Revise validity of culture modified 
items. 

Final cultural and linguistic item 
reviews. 



list of domains, including memory, 
learning, attention, orientation, lan- 
guage, gnosis, visuo-spatiai, perscv- 
erstion/initiation, praxis, planning, 
judgment) insight, ^mction and be- 
havior. 

All domains endorsed as culturally 
relevant. 



list of approximately 80 items. 

Refined list of items (some discarded, 
some modified). 

Validity-based revised list of items, 
list of 60 items for clinical testing. 



ADVISORY GROUPS 

After a comprehensive review of the literature, we formed two advisory groups to 
help us identify and appraise potential cognitive domains and items. The Health 
Group included professionals from a number of health disciplines (geriatric 
medicine, aged care psychiatry, neuropsychology, nursing, occupational therapy, 
physiotherapy, social work and speech therapy) whose role was to advise on the 
validity of culturally and linguistically modified items. The aim of the Culture 
Group (representatives from 22 cultural and linguistic groups) was to advise 
on the cultural and linguistic equivalence of proposed cognitive items, and to 
suggest modifications where relevant and appropriate. The iterative process used 
to conduct the two groups, and the aims and outcomes of each are described in 
Table 1. 



ITEM-INCLUSION CRITERIA AND SCORING 

The advisory groups endorsed 60 potential items for clinical testing. These items 
were reviewed by a cross-section of professional language interpreters, and finally 
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Table 2. Pilot items and cognitive domains 



DOMAIN 



ITEM - BRIUV DliSCRIPTION 



Orientation, memory and 
learning 



Visuo-spadal and gnosis 
(inchjdin;g construcdon and 
drawing) 

Language and judgement 



Attention and perseveration/ 

initiation 

Planning and praxis 

Insight, behavior and func- 
tion 



Full name, country of birth, country now, city or town, month, 
d3>' of week, 4-iiem animal recall, 4-item grocery recall, boy- 
big-dog sentence recall, circle pointing, children-firc story 
recall, design recognition and recall 

Body orientation, body placement, tell the time, pattern dis- 
crimination, copy (cube, lemniscates, intersecting pentagons, 
draw clock 

Animal generation, food generation, naming objects, 3-stage 
command, naturalistic conversation on childhood games, 
crossing the road, bathroom fall, kitchen fire, locked-out 
Symbol canceUation, days of week reversed, counting 
backwards from 20, finger tapping, ramparts 
Simple maze, simple commands, fist-palm alternation task, 
fist-palm-side task 

Self-rated insight, assessor-rated insight, behavioral rating by 
assessor, functional rating by assessor 



^^pntamination. Th 
^^[ininistered the ^ 
^^^^tnimental Actiyi 
SilfcCeriatric Depn 
^^j^ntia Rating 0 
^"^^ll^r. Amnestic D 
^^l^^liiiatric Associs 
I but- m 



p|^^y:ord€?i^ 



by the study authors. The item-inclusion criteria were: 

1. Good construct validity. 

2. Independent of factors rich in cultural and linguistic variance or specific 
to a small number of cultures and languages. 

3. Endorsed by interpreters. 

4. Relatively short and easy to administer, without the need for complex 
stimuli or cue cards. 

The 42 items which rnet the inclusion criteria were operationaiized and retained 
for clinical testing in an outpatient setting (Table 2). 

Stage 2 - Clinical testing of items 

CLINIC PROCRDURK 

The 42 items were tested on consecutive new referrals to the Geriatric 
Medicine outpatient clinic at Liverpool Hospital, in Sydney, Australia Qanuary to 
December 2000). At the beginning of the clinic appointment, a research psycho- 
logist (JES) administered the items, blinded to patient diagnosis and clinical 
history. The items were randomly ordered to control for order effects, and 
professional health interpreters were used for all patients who did not speak 
English. Each patient was then comprehensively assessed by one of three geri- 
atricians (JTR, DB and DAC), who ordered relevant investigations (including 
cerebral CT scans and laboratory tests), and implemented a standardized asses- 
sment of cognitive domains that excluded the 42 items for testing, so as to avoid 
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contamination. The geriatricians also collected demographic information, and 
administered the Modified Barthel Index (MBI) (Wade and Collin, 1988), the 
Instrumental Activities of Daily Living (lADL) Scale (Lawton and Brody, 1969), 
the Geriatric Depression Scale (GDS) (Yeasavage et al., 1983), and the Clinical 
Dementia Rating (CDR) Scale (Berg, 1 988), DSM-I\' criteria for Dementia and 
Other Amnestic Disorders were used to assign cognitive diagnoses (American 
Psychiatric Association, 1 994). Each patient was classified as normal, cognidvely 
impaired but not demented (including those with age-associated cognirive 
decline), or demented. The study protocol was approved by the institutional 
resdew committee of the South Western Sydney Area Health Service, and all 
patients (or their proxies) gave informed consent. 

SAMPLE SIZE 

The planned sample size of 150 for clinical testing was calculated on the basis 
of several factors. High sensitivity is more important than high specificity for a 
scale primarily intended for targeted screening. An estimated sensitivity of 80% 
(95% confidence interval (CI of ± 10%) in a non-English speaking background 
(NESB) population needs a minimum of 60 NESB patients. Forty per cent of the 
patients were predicted to be firom NESB countries (based on demographic data 
from our outpatient clinic). A minimum of 35 patients with normal cognition 
(not including those with age-associated cognitive decline) were required. The 
sample has to be sufficiently large to evaluate the independent contribution 
of approximately 15 items in a logistic regression model, with 8-12 subjects 
recommended for each item (Hosmer and Lemeshow, 2000). 
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DATA ANALYSIS 

We measured the strength of the association between each of the 42 ite-ns and 
die cognitive diagnosis using the Spearman*s rank-order correlation coefficient. 
Items with correlation coefficients less than 035 were excluded firom further 
analysis. Where several of the remaining items measured die same domain, 
the item with the strongest correlation was retained, provided that it had the 
best construct validity, cultural appropriateness and clinical utility as judged by 
imanimous agreement of the authors. Multivariate logistic regression modeling 
was used to select the set of items that best predicted dementia, after adjustment 
for age. 

Stage 3 - Validation of the RUDAS in a community setting 

PROCEDURE 

The predictive accuracy of the RUDAS was validated in 90 elderly, community- 
dwelling persons, selected at random from a large database of all patients 
referred to a large, multidiscipHnary, community-based aged-care team between 
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1997 and 1999. Potential subjects were stratified into six groups according 
to language background (English-speaking background, Asian non-English 
speaking background, and non-Asian non-English speaking background) and 
cognitive diagnosis (demented and non-demented). Subjects from each cognitive 
group were then matched for age and sex, and invited by telephone to participate 
in the validation study. Invitations to participate continued until 15 participants 
were recruited to each of the six groups. 

The research psychologist administered the RUDAS at the participant's 
home. Within several days, a geriatrician ( JTR), blinded to the results of the 
RUDAS scale, assessed each subject at home or in the outpatient department. 
Both clinicians were blinded to previous cognitive diagnosis. To evaluate inter- 
rater reliability, each subject was assessed at home by both the research 
psychologist and a trained member of the aged care team, by coin toss. 
Approximately one week later, the psychologist administered the RUDAS again 
to measure test-retest reliability. Professional language interpreters were used 
where necessary (over the telephone and face-to-face) and written consent was 
obtained from all participants or their proxies. 

SAxMPLE SIZE 

The sample size for Stage 3 was based primarily on showing good inter-rater 
and test-retest reliability in randomly selected community-dwelling persons. At 

least 65 subjects were required for an estimated correlation coefficient of 0.8 
(with 95% CI ± 15%), We recruited at least 90 subjects to allow preliminary 
evaluation of the RUDAS in each of the language background subgroups. 

DATA ANALYSIS 

Logistic regression analysis was used ro assess the independent contribution 
of the RUDAS components in predicting dementia. Frequency response 
analysis and receiver-operating characteristic (ROC) curve analysis were used to 
determine the extent to which item responses segregated normal and demented 
patients. As the items used different measurement scales, standardized regression 
coefficients were calculated to compare the strength of the relationships between 
the items and the cognitive diagnosis. The standardized coefficients were used 
to assign scores to each of the items, which were then added together to yield a 
rota! score for the RUDAS. The overall accuracy of the RUDAS and the optimal 
cut-point for the diagnosis of dementia were assessed using ROC curve analysis 
(Hanley and McNeil, 1982). Multivariate logistic regression modeling was used 
to assess the effect of age, gender, education, preferred language and other factors 
which may differentially affect performance, on the relation between the RUDAS 
scores and cognitive diagnoses. Inter-rater and test-retest reliability of the 
RUDAS was measured using the intraclass correlation coefficient (ICC) (Shrout 
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Table 3. Characteristics of 166 patients evaluated in the geriatric 
medicine clinic 



CHARACTERISTIC 


MEASURE 


- - 

Age in years (mean ± SD) 


77.9 rb 7.0 


Female (%) 


68.7 


Years in Austraba (median, Ql~-Q3)* 


52.5, 40-70 


Preferred language o±er than English (%) 


34.9 


Interpreter used (%) 


29.5 


Years of education (median, Ql--Q3)t 


9, 6-10 


MBI score (median, Q1-Q3) 


19, 17-20 


Lawion lADL score (median, 


5,3-7 


GDS score (median, Ql-<23) 


5, 3-8 


CDRt 




No dementia (%) 


21.7 


Questionable dementia (%] 


30.7 


Mild dementia (%) 


22.3 


Moderate dementia (%} 


19.3 


Severe dementia (%) 


4.8 



Note, SD = standard deviation; Q1-Q3 = interquartile range; MBI = Modified 
Barihel Index; Lawton IADL=Lawton Instrumental Activities of Daily Living 
Scale; GDS=15-point Geriatric Depression Scale; CDR = Cliiucal Dementia 
Rating Scale. 

♦ 84 (50.6%) patients were born in ESB countries; 61 (36.7%) were bom in one of 

18 European NHSB countries; 13 (7.8%) were bom in one of 7 Asian countries; 4 

(2.4%) patients were bom in Central or South America, 3 (1.8%) in ASrica, and 1 

(0-6%) in the Middle East. 

t Education unknown for one patient. 

\ CDR unknown for two patients. 



and Fleiss, 1979). Differences between patients were tested using t tests for con- 
tinuous, normally distributed variables, chi-square tests for dichotomous vari- 
ables, and Wilcoxon rank-sum tests for ordinal variables. All statistical analyses 
were performed using the SPSS 11 statistical software system (SPSS Inc., 
2001). 



Results 

Stage 2 - Clinical testing of items 

PATIENT CHARACTERISTICS 

The 42 items endorsed for clinical testing were evaluated in 166 consecutive 
new referrals to the geriatric medicine outpatient department (Table 3). The 
patients were elderly (mean age of 77.9 years) and moderately well educated 
(median of 9 years of education). Similar proportions of patients were born 
in English-speaking background (ESB) and non-English-speaking background 
(NESB) countries. Twenty-five language groups were represented. 
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Table 4. item-diagnosis correlation coefficients 



DOMAIN 



ITEM 



SPEARMAN'S 
COEFFICIENT 



Memory 


4-itcm grocery recall 


0.501 


Language 


Animal generation 


0.487 


Memory 


4-item animal recall 


0.472 


Memory 


Childrcn-firc story recall 


0.461 


Language 


Food generation 


0.422 


Insight 


Assessor-raied insight 


0.418 


Praxis 


Fist-palm alternation task 


0.417 


Visuo-spatiai (drawizig) 








Draw clock (Shulman)' 


-0.393 


Judgement 


Crossing the road 


0,388 


Language 




0.387 




Naturalisdc conversadon on childhood games 




Visuo-spatial (drawing) 


Cube copying 


0.379 


Planning 


Simple maze 


0.377 


Gnosis 


Body orientation 


0.374 


Visuo-spadal (drawing) 


Copy lemniscates 


0.360 


Judgement 


Locked-out 


0.354 


Memory 


Boy-big-dog sentence recall 


0.354 


Visuo-spatial (drawing) 


Draw clock (Mendez)t 


0.351 



♦ Shulman cJock scoring method {Shuiman, 1986 #376; Shulman, 1993 #36}. 
t Mendez clock scoring method {Mendess^ 1 992 #41). 



iTKM-niAGNOSIS CORRELATIONS 

Table 4 shows the Spearman's correlation coefficients between each of the items 
tested and the cognitive diagnosis. Items with correlation coefficients less than 
0.35 were excluded from further analysis, and are not shown in Table 4. For 
simplicity, only the primary cognitive domain is shown for each item, although 
many items clearly measure more than one domain. 

LOGISTIC REGRESSION 

Table 5 shows the multivariate logistic regression model that best predicted 
dementia, after adjustment for age. Items significantly associated with a diagnosis 
of dementia included "4-item grocery recall", "crossing the road", "cube 
copying" and animal generation". Although "fist-palm alternation task" (/>= 
0.065) and "body orientation" (p — 0.094) failed to reach statistical significance, 
both were retained, as no other item (with a Spearman's coefficient of at least 
0.35) measured praxis or gnosis. Age (/> = 0.17) was not a significant predictor 
of dementia (after adjustment). 

RXJD.AS ITEMS 

The research psychologist administered the six RUDAS items. All items were 
administered sitting opposite the patient to control for level of difficulty. The 
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Table 5- Logistic regression model: likelihood of dementia (A/ =152) 



SPHARMAN'S 
COEFFICIENT 



>od games 



0.501 
0.487 
0.472 
0.46 i 
0.422 
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-0.393 
0.388 
0.387 

0.379 
0.377 
0.374 
0.360 
0.354 
0.354 
0.351 
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VARIABT-E 



4-iteni grocery recall 
Animal generation 
Fist-palm alternation task 
Fist-palm (1)* 
Fist-palm (2)* 
Crossing die road 
Cube copying 
Body orientation 
Age 



PARAMETER 


STANDARD 




ODDS RATIO 


ESTIMATE 


ERROR 


LVALUE 


(95% CI) 


-0.97 


0.31 


0.002 


0.38 (0.21—0.09; 


-0.12 


0.063 


0.051 


0.88 {0.78—1.00; 






0.065 




3.55 


1.53 


0.020 


34.83(1.75-694.66) 


0.38 


0.65 


0.56 


1.46(0.41-5.18) 


-0.88 


036 


0.016 


0.42 (0.20 -0.85) 


-0.50 


0.24 


0.039 


0.61 (0.38-0.98) 


-0.58 


0.35 


0.094 


0.56(0.29-1.10) 


-0.059 


0.043 


0.17 


0.94 (0.87-1.03) 



* These refer to dummy variables for the fist-palm alternation task. 

order of items in die RUDAS validation instrument was determined on the basis 
of item characteristics and minimization of those factors which would be likely to 
increase test anxiety and make the questions confrontational and threatening for 
respondents. The final order of items was Memory (4-item grocery list). Gnosis 
(Body orientation). Praxis (Fist/palm alternating task), Visuo-spatial drawing 
(Cube copying), Judgement (Crossing the road), Memory Recall (Grocery list 
recall), and Language (Animal generation). 

4'XUTn grocery recall: The patient was required to remember four grocery items 
(tea, cooking oil, eggs and soap), after a maximum of five learning trials (to ensiu-e 
item registration). If the patient was unable to recall any of the groceries, "tea" 
was used as a prompt. 

Body oriemaiion: The patient was asked to respond to the following commands 
(in the order stated): 

1 . "Show me your right foot", 

2. "Show me your left hand". 

3. "With your right hand, touch your left shoulder". 

4. "With your left hand, touch your right ear". 

5. "Point to or indicate my left knee". 

6. "Point to or indicate my right elbow". 

7. "With your right hand, point to or indicate my left eye". 

8. "With your left hand, point to or indicate my left foot". 

Fist-palm alternation task: The patient was asked to imitate a motor task, 
beginning by placing both hands palm down on the table (or the lap). One 
hand was then placed in a fist (in the vertical position) while the other remained 
palm down. Both hands were then simultaneously alternated between the two 
positions. Having learned the task, the patient was asked to maintain it at a 
moderate (v/alking) pace for approximately 10 seconds. 



I 
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Table 6. Characteristics of 90 validation study patients by cognitive diagnosis 



CHARACTERISTIC 



NORMAL 



DEMENTED 



p VALUE 



Age in years (mean ± SD) 
Female (7o) 

Years in Australia (median^ Q1-Q3)* 

Preferred language other than English (%) 

Interpreter used {%) 

More than 6 years of education (%)t 

MBI score (median, Q1-Q3) 

Lawton lADL score (median, Q1-Q3) 

Faaor potentiaiiy afifecdng 

performance (%)! 
CDR 

No dementia (%) 
Questionable dementia (%) 
Mild dementia (%) 
Moderate dementia (%) 
Severe dementia (%) 



78.1 ±8.4 
S2.2 

42.0, 19.5-53.5 

51.1 

44.4 

51.1 

20.0, 18.0-20.0 
6.0, 3.5-8.0 
42.2 



91.1 
8.9 



81.4 ±8.1 
73.3 

30.0, 18.5-69.0 

66.7 

66.7 

35.0 

11.0, 4.0-16.0 

0.0,0.0-1.0 

52.3 



8.9 
20.0 
31.1 
40.0 



.082 

.310 

.728 

.134 

.034 

.135 

.0001 

.0001 

.342 

.0001 



ATorc. SD = standard deviation; Ql-Q3 = interquartile rangej MBI = Modified Barchel Indexi Lawton 
I ADL= Lawton Instrumental Activities of Daily Living Scale; GDS— 15-point Geriatric Depression 
Scales CDR= Clinical Dementia Rating scale. 

• 30 (33.3%) patients were born in ESB countries] 20 (22.2%) were born in one of 1 1 European NESB 
countries; 30 (33,3%) were bom in one of 12 Asian countries; 2 (2.2%) patients were born in Ceniral or 
South America, 3 (3.3%) in Africa, and 5 (5.5%) in the Middle East. 
I Education unknown for 5 subjects. 

^ All subjects were assessed for vision and hearing impairraent, psychiairic disease (including depression), 
dysarthria and dysphasia, and musculoskeletal and neurological diseases than nrtight aftccr performance 
on the RUDAS. 



Cube copying: This is a drawing task that requires the patient to copy a large 
line drawing of a cube. 

Crossing the road: The patient is asked to describe how he or she would go 
about safely crossing a very busy street or similar thoroughfare where there is no 
pedestrian crossing or traffic lights. If the patient did not address two necessary 
components (looking for traffic and safety), a prompt - "is there anything else 
you would do?" was used. 

Animal generation: The patient is asked to name as many new animals as 
possible in one minute. 

Stage 3 - Validation of the RUDAS in a community setting 

PATIENT CHARACTERISTICS 

The 6-item RUDAS scale was validated in 90 elderly, community-dwelling 
persons. xMore than half of subjects had six or less years of education. 
Table 6 shows the characteristics of the participants by cognitive diagnosis (de- 
mented or non-demented). Those with dementia were similar to normal patients. 
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accept for MBI score (p = .0001) and Lawton lADL score (j>= .0001), func- 
donal measures known to correlate strongly with dementia. By default, NESB 
participants with dementia were assessed using a professional language inter- 
preter. 

MON-WEIGHTED ITEM SCORING 

4-item grocery recaU: Each correct response scored one point (maximum of four 
points). If a prompt was used, the maximum score was three. Registration of 
grocery items was not scored. 

Body orientation: Response frequencies showed that normal participants were 
able to complete at least five instructions without difficulty. No subject with 
dementia performed more than four correctly, therefore it was decided that 
commands should continue only until five were completed correctly (for a 
maximum score of five). 

Cube copying: Initially, one point for each of five "cube charaaeristics'* was 
assigned to the patient's drawing (3-dimensional drawing, based on a square, 
all internal lines drawn, all external lines drawn, perfea copy). However, on the 
basis of multivariate logistic regression, "3-dimensional drawing" and "perfect 
copy" were not significant predictors of cognitive diagnosis. The scoring method 
was simplified, allocating one point for each of the remaining three charac- 
teristics. 

Crossing the road: Each of the two necessary components (looking for traffic 
and safety) is scored out of two points. Any component which is prompted scores 
a maximum of one point. 

Animal generation: Based on ROC curve analysis, the ability to name eight 
animals separated most normal patients from those with dementia. It was 
therefore decided that once eight animals were named, this item could be 
concluded without testing for the entire one minute. There was a maximum 
score of eight points for the number of nev/ animals named in one minute. 

WEIGHTED ITEM SCORING 

The standardized logistic regression coefficients used to compare the strength 
of the relationships between the items and the cognitive diagnosis, and the item 
scores, are shown in Table 7. Items with the largest standardized coefficients 
(most strongly associated with the cognitive diagnosis) were weighted and scored 
accordingly, for a total RUDAS score of 3D. 



RELIABILITY OF THE RUDAS 

Both the inter-rater (ICC = 0.99) and the lest-retest (ICC = 
the RUDAS were very high. 
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Table 7. item weights and scores using standardized coefficients 




STANDARDIZED COEFFICIENT 




ITEM 


(STANDARD ERROR) 


ITEM SCORE 


4-icem grocery reca]} 


i.8 (0.28) 


8 


Animal generation 


1.6 (0.25) 


8 


Body oricntadon 


1.3 (0.20) 


5 


Crossing die road 


1.0(0.16) 


4 


Fist-palm aUemation task 


0.5 (0.08) 


2 


Cube copying 


0.2 (0.03) 


3 


Total 




30 



DIAGNOSTIC ACCURACY OF THE RUDAS 

In otir population, the diagnostic acciiracy of the RUDAS (for detecting 
dementia based on DSM-IV criteria) was excellent, with an area irnder the 
ROC curve of 0.95 (95% CI 0.88-0.98) (Figure 1). Scores lower than 23 (the 
optimal cut-point based on the ROC curve) detected dementia with a sensitivity 
of 89% (95% CI 76%-96%) and a specificity of 98% (95% CI 88%-97%), 

EFFECT OF GENDER, EDUCATION, PREFERRED LANGUAGE, AGE AND 

PERFORMANCE FACTORS 

In the validation sample, gender (/)=0.18), years of education (p = 0.20), 
preferred language (English or otherwise) (p=0.33), and factors which may 
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Figure 1. ROC Curve for RUDAS 
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affect performance on a cognitive test (p = 0.42) were not independent predictors 
of dementia. Age (p = 0.04) was a significant predictor in the same model. 



Dfscussion 

This study is the first to develop a multicuUiiral cognitive test in a culturally 
heterogeneous sample of elderly patients and addresses the gap in previous 
work that has focused specifically on the development of cognitive screening 
tests for use within or across discrete cultural groups. Most previous attempts 
to develop instruments for use in culturally homogenous or heterogeneous 
populations modified or translated scales (or their components) that were 
originally developed in dissimilar groups. 

The 6-item RUDAS is portable and requires no special equipment. It can 
be administered by health care workers after approximately 40 minutes of 
training (using videotape). Based on our experience, the RUDAS can be directly 
translated into at least 30 other languages, without the need to change the 
structure or the format of any item. Our study populations and advisory groups 
were culturally diverse, allowing us to develop items we believe to be culturally 
fair, thus avoiding the common approach of superimposing "western" ideas on 
people firom other backgrounds. 

The RUDAS takes about 10 minutes to complete and tests multiple cognitive 
domains. In particular, items relevant to frontal lobe function, such as "crossing 
the road": "animal generation", and "cube copying", evaluate executive func- 
tioning (the ability to initiate, plan and execute tasks relevant to daily living), 
both directly and indirectiy. Lack of evaluation of executive function is a major 
limitation of the MMSE, which usually fails to detect meaningful deficits 
involving the frontal lobes. The diverse response formats of the RUDAS (verbal, 
non-verbai, written and praxic) allow more comprehensive assessment of a 
subject's overall cognitive ability. Impairment in a domain necessary to com- 
mimicate a response (but not necessarily causing important cognitive deficits) 
is not over-emphasized, diereby reducing misclassification of cognitive capacity. 

Gender, years of education, preferred language (English or otherwise), and 
differential performance factors were not significant predictors of dementia in the 
multivariate logistic model. This represents a major advantage over several earlier 
instruments, where education, in particular, exerted a substantial influence on 
instrument scores. Age was a significant predictor in our validation sample 
(^ = 0.035), but not in die development sample (p = 0.170). The effect of 
age therefore remains uncertain and needs further evaluation. We computed 
standardized logistic regression coefficients to compare the strengtii of the 
relationships between the items and the cognitive diagnosis. Items most strongly 
associated with the cognitive diagnosis were weighted and scored accordingly. 
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In our validation sample, the RUDAS had excellent reliability (both inter-rater 
and test-retest) and diagnostic accuracy for detecting dementia based on DSM- 
IV criteria. Importantlyj the RUDAS does not depend on informant history. 
Demented persons without informants are less likely to have carers, and are 
therefore at higher risk of the adverse consequences of dementia. The RUDAS 
items can be directly translated and are relevant to most cultures, strengths diet 
should facilitate the use of the instrument in cross-cultural research. 

Our study has several limitations. First we cannot exclude the possibility that 
we misclassified participants as demented or non-demented. Accurate diagnosis 
can be difficult, particularly in culturally heterogeneous populations (Erkinjuntti 
et aly 1997; Prince, 2000). While there is no gold standard for dementia 
diagnosis, decisions based on DSM-IV criteria have the advantage of broad 
acceptance and good reproducibility (Baldereschi et aly 1994; O'Connor et al., 
1996). Furthermore, each participant was comprehensively assessed by one of 
three geriatricians, who used a variety of information sources to make a diagnosis. 
The development sample was not random, and used patients attending a geriatric 
outpatient clinic. The possibility of bias within the sample is therefore far 
stronger than desirable. However, our validation sample had an even distribution 
of participants with normal cognition and those with dementia (50% in each 
group). Re-validation of the RUDAS in further community-based populations 
is desirable. 

In summary, the 6-item RUDAS was developed and validated in culturally 
diverse samples. It is portable and easy to administer^ with excellent reliability 
and diagnostic accuracy. It appears not to be affected by gender, years of 
education, differential performance factors and preferred language. It tests 
multiple cognitive domains, including those related to function of the frontal 
lobes. The RUDAS can be simply translated into ocher languages, v/ithout the 
need to change the structure or the format of any item. While designed primarily 
to detect dementia in the primary care setting, further work is needed in other 
settings, and in longitudinal studies to determine its sensitivity to change in 
cognitive function over time. 
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Abstract 



ADAMTS-1 is a dlsmtcgrin and metalloproteinase with thrombospondin I (TSPl>like motife wth ubiquitous though variable expression. 
Natural substrates of this protease are proteoglycans as aggrecan and vcrsican and null mutant mice propose a role for growth, fertility, organ 
strucnire and function. As the gene for this protein is enco<ied on chromosome 21 and maybe overexprcssed due to the gene dosage 
hypothesis based upon the presence of a third chromosome in trisomy 21 , we decided to study expzession in Down syndrome (DS) brain and 
usee brains of pauents with Alzheimer's (AD) and Pick's disease (PO) as controis. 

Frontal cortex of controls, DS, AD and PD were homogenized and extracted proteins were used for immunoblotting using anUbodics 
against ADAMTS-1 and ADAMTS-5. ADAMTS-1 -immunoreactivity was manifold increased in brain with DS and neurodegeneration, 
A^^hereas ADAMTS>5 levels were comparable. 

Oveiexpression of this metalloproteinase maybe specifically involved in proteoglycan degradation and handling in brain of patients with 
neurudegcnerative disease which in tuni may lead to or reflect patliologiciiJ lesions in DS, AD and PD brain. The manifold overexpression of 
ADAVrrS-1 may be used as marker protein for neurodegeneration. 
© 2004 ELse\'{er B.V. All rights reserv^ed. 

Theme: Disorders of the nervous system 
Topic: Degenerative disease: other 

Keywords: MetaUoproteinase; ADAMTS; Neurodegeneration; Down syndrome; AizJieimer's disease; Pick's disease 



1. Introduction 

ADAMTS-1 is a disintegrin and metalloproteinase with 
thrombospondin 1 {TSPl)-like motifs which was originally 
reported as a gene highly expressed in the murine colon 26 
cachecigenic tumor [11]. The human ortholog was named 
METH-1 and identified in cDNA screening using the TSPl 
anii-angiogenic motif as bait [24]. 

METH- J /ADAMTS-1 consists of a signal peptide in the 
NKj-tenninal end, indicating a secreted protein (Swissprot 
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access number Q9UH38), containing zinc metalloproteinase 
and disintegrin/cysteine-rich domains. The spacing region 
and the three TSP type 1 motifs found in the carboxy- 
terminal end of the protein are responsible for anchoring to 
the extracellular matrix [25]. The human pro-METH-1 
protein is processed in two consecutive steps: first, furin 
deletion of the N-ierminal prodomain resulting into an 87 
kDa form, in the second step, specific metalloprolcinases 
remove two thrombospondin repeats from the C-tenminal end 
producing a 67 kDa form altering the affinity of the heparin 
protein and thus conferring different extracellular distribu- 
tion and anti-angiogenic properties to each form [14,16]. 

Proteinase activity of METH-1 /ADAMTS- 1 was con- 
firmed by the capability to form complexes with the high- 
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affinity proteinase inhibitor a2-M and by difierential 
inhibition performed by the metalloproteinases inhibitors 
TiiVlP2 and TEVIP3 [25,17]. At least uvo members of the 
chondroitin sulfate proteoglycan family bind to hyaluronan, 
the cartilage aggrecan and the wide distributed versican, 
have been reported so far as a substrates for this metal- 
loproteinase [12,18]. ADAMTS-1 null mutant mice showed 
the importance of this enzyme for normal growth, fertility, 
organ structure and function [20]. 

Expression of ADAMTS-1 was predominantly detected 
by RNase protection assays (RPA) in die epithelium of the 
developing lung, pancreas, kidney and a subset of neurons 
in a temporally restricted manner; expression was highly 
reduced in adult organs [22]. The expression pattern of 
METH-1 was examined in human adult and fetal tissues by 
Northern analysis and a signal was detected in all tissues 
analysed, with a weak signal in both fetal and adult brain 
[24]. Interestingly, increased mRNA levels of ADAMTS-1 
were detected in response to injured motor neurons and in 
kainate-sensitive brain regions after kainate administration • 
in rats [19,26]. 

ADAMTS-5 (aggrecanase-2) is another disintegrin and 
metalloproteinase with thrombospondin I (TSPl)-like 
motifs also involved in the aggrecan and versican 
cleavage [1,23]. In aduh human tissues examined with 
human cDNA probes, mRNA levels were detected in a 
variety of tissues, with a low signal in brain [9]. METH-1 
and ADAMTS-5 proteins are the product of genes 
encoded on chromosome 21. We therefore analysed 
expression of METH-1 and ADAMTS-5 in frontal cortex 
of adult brains from Down syndrome, Alzheimer's 
disease. Pick's disease and controls by immunoblotting 
and detected more than fivefold overexpression of METH- 
1 in the neurodegcnerated brains, whereas expression of 
ADAMTS-5 was comparable. 



2. Materials and methods 

2.7. Brain samples 

frontal cortex from patients with Alzheimer's disease 
(rt=6; six males; 59.3 ±6.4 years old), Down syndrome 
(«=6; six males; 57.8±8.2 years old). Pick's disease («=4; 
four males; 64.25 ±5.50) and controls («=6; six males,* 
60.2±9.3 years old) were used in this snady. Postmortem 
brain samples were obtained from the MRC London Brain 
Bank for Neurodegenerative Diseases, Institute of Psychia- 
try, King's College, UK, Dr. N. Cairns [10]. All the samples 
were stored at -70 ^C and the freezing chain was never 
interrupted. 

2.2. Antibodies and control immunogen peptide 

ADAMTS-1 antibody (Santa Cruz Biotechnology, USA), 
control immunogen ADAMTS-1 peptide (Santa Cruz 



Biotechnology), and ADAMTS-5 antibody (Serotec, UK) 
were purchased. 

The antibody against ADAMTS-1 is an affinity purified 
goat polyclonal antibody raised against a peptide mapping 
near the amino terminus of ADAMTS-1 of mouse origin 
(Santa Cruz Biotechnology). The informadon on the 
structure of the immunogen used for the immunization 
was not obtainable from the supplier. There is high 
homology (82%) between the mouse and the human 
protein. 

The antibody against ADAMTS-5 is an affinity purified 
rabbit polyclonal antibody raised against a synthetic peptide 
corresponding to the C-terminal region of ADAMTS-5 
(Serotec). 

2.3. Western blotting 



Frontal cortex tissues ground under liquid nitrogen 
were homogenized in lysis buffer 1% SDS containing 
protease inhibitor cocktail tablets (Roche, Grenzach- 
Wyhlen, Germany), incubated 10 min at 37 "^C, boiled 
10 min at 95 and centrifuged at 8000 for 10 min. 
The BCA protein assay kit (Pierce, Rockford, IL, USA) 
was applied to determine the concentration of protein in 
the supernatant. Samples (10 jig) were mixed with the 
sample buffer * (100 mM Tris-HCl, 2% SDS, 1% 2- 
raercaptoethanol, 2% glycerol, 0.01% bromophenol blue, 
pH 7.6), incubated al 95 ""C for 15 min and loaded onto a 
12.5% ExcelGel SDS homogenous gel (Amersham Phar- 
macia Biotech, Uppsala, Sweden). Electrophoresis was 
performed with Multiphor TT Electrophoresis System 
(Amersham Pharmacia Biotech). Proteins separated on 
the gel were transferred onto PVDF membrane (Millipore, 
Billerica, MA, USA) and membranes were incubated in 
blocking buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 
0.05% Tween 20 and 5% nonfat dry milk). Membranes 
were incubated for 2 h at room temperature with diluted 
primary antibodies: 0.04 Mg/ml for ADAMTS-1 and 1 pg/ 
ml for ADAMTS-5. After three times washing for 10 min 
with blocking buffer, membranes were probed with 
secondary antibodies coupled to horseradish peroxidase 
(Southern Biotechnology Associates, Birmingham, AL, 
USA) for 1 h. Membranes were washed three times for 
10 min and developed with the Western Lightning™ 
chemiluminescence reagents (PerkinEhner Life Sciences, 
Boston, MA, USA) [3]. 

Specificity of the immunoreaction on immunoblotting 
was tested by blocking the antibody (0.04 |ig/ml) with the 
immunogen (2 \ig/m\) for 17 h at 4 X in 500 ^1 TBS. 

2.4. Statistics 

The density of immunorcactive bands was measured by 
RFLPscan version 2. 1 software program (Scanalytics, Fair- 
fax, VA, USA). Between group differences were calculated ] 
by nonparametric Mann-Whitney t/-test usmg GraphPad ^ 
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were loaded, separated on a homogeneous gel and transferred onto PVDP membrane. As described m Materials and methods, the membranes wcie incubated 
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chenulummescence reagents. Blocictng antibody by preincubation (+pcptide) led to significanily lower density of immunoreactivc bands 



liistat2 program and the level of significance was considered 
at P<0.05. 



3. Results 

We analysed the expression levels of two metalloprotei- 
nases encoded on chromosome 21, ADAMTS-1 and 
ADAMTS-5, in brains of Pick's disease (PD), Alzheimer's 

Density of ADAMTS-l, total immunoreactivity (arbitrary unit) 
^ 1 P<0.05 



0.5] 
0-^ 



T 





■coqad 



1 

0.5 
0 



P<0.05 



■CO oDS 



oi 



OAD oPD 



o AD «iDS 



Density of ADAMTS-5, 37kDa band Density of ADAIVfrS-S, 50icDa band 



(arbitrary unit) 

0.1 

0.05 
0 

O.Ii 
0.05 
0 



(arbitrary unit) 
0.1- 




8 



•COOAD 




■CO aDS 




■COBDS 




aDStsAD 



0.1 

0.05 
0 



bADbDS 



Fig. 2. Expression levels of ADAMTS-1 and ADAMTS-5 proteins. The 
density of detected bands was measured and calculated by nonparamefric 
Mann-Whitney (/-test, and the level of significance was considered at 
P<O.OS. 



disease (AD), Down syndrome (DS) and control persons 
(CO). 

A complex of several immunoreactive bands between 50 
and 37 kDa was obtained with ADAMTS-1 antibody. The 
bands may represent protein polymorphisms/splicing var- 
iants or posltranslational processing. Total immunoreactive 
density of bands was tenfold increased in PD (P=0,0048), 
around sevenfold increased in AD (7^0,013) and fivefold 
increased in DS (/M),0206), whereas no significant differ- 
ences were obtained between PD, AD and DS groups (Figs. 
1 and 2). 

Anti-AD/\MTS-5 antibody detected two bands at 50 and 
37 kDa whose density was statisticaUy comparable between 
groups (Figs. 1 and 2). 

The several bands may represent individual splicing 
variants or posttransiational modifications including oxida- 
tion, glycosylation, phQ.sphorylation, mcthylation, nitre- ' 
sylation, etc. 



4. Discussion 

Originally, we intended to test the gene dosage hypoth- 
esis predicting that ADAMTS whose genes are encoded on 
chromosome 21 were overcxpressed in DS brain. In fetal 
DS both gene products were examined and while 
ADAMTS-1 was undetectable, although in the mouse it is 
expressed in developmental stage Eil and disappearing 
after El 2 [21], ADAMTS-5 levels were comparable to 
controls [6]. We therefore determined ADAMTS-1 and 
ADAMTS-5 levels in adult brain and observed weak 
ADAMTS-1 immunoreactive bands in adult control brains. 
The major outcome was that ADA.MTS-1 expression was 
manifold (about fivefold) overcxpressed in DS frontal 
cortex. As adult DS present with AD neuropathological 
hallmarks from the fourth decade, observed data may not 
only reflect DS but also AD-relaied aberrant protein 
expression and we therefore had to test brains of patients 
with AD to rule out this effect. It turned out that also AD 
individuals showed a manifold approximately sevenfold 
overexpression as compared to controls. This finding made 
us examine another dementing neurodegenerative disorder, 
PD, to find out whether increased ADAMTS-1 levels in AD 
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were .representing specific findings for AD or simply 
reflected neurodegeneration-related changes. And indeed 
about tenfold overexpression of ADAMTS-1 was detected 
in PD frontal cortex. 

increased AD AMIS- 1 in neurodegenerative disorders 
can be considered as specific though, as ADAMTS-5 levels 
were comparable between groups. Expression levels may 
not be confounded by differences in postmortem time or age 
as linear regression analysis did not reveal any significant 
correlations (data not shown). The specificity of the 
AD AMIS- 1 antibody used was proven by the result of 
decreased intensity of bands obtained follovring peptide 
neutralisation control (data not shown). 

Normalisation of ADAMTS levels versus housekeeping 
proteins as, e.g. cytoskeleton proteins or glyceraldehyde 3- 
phosphate dehydrogenase [13] were not carried out, as 
cytoskeleton protein derangement was observed in a 
nearly identical cohort of patients with neurodegeneration 
[15]. 

ADAMTS-1 and ADAMTS-5 were considered to exert 
identical functions, i.e. cleavage of several proteoglycans 

including aggrecan, versican and brevican and therefore the 
question arises why only ADAMTS-1 was increased in 
neurodegeneration. One explanation maybe substrate spe- 
cificity in the brain, which is not known so far, although 
degradation of aggrecan has been described by both 
ADAMTS forms [i7,23]. Unfortunately, no information 
on compartmentalisation or ccll-spccinc distributioa in the 
brain that may help with the inierpreiation of results is 
available. Localization in motor neurons and stimulation of 
ADAMTS-1 by Interleukin (IL)-l alpha, however, was 
reported and this points to a tentative mechanism [19]: 
Grimaldi et al, showed the strong association between IL-I 
alpha and amyloid beta deposition in AD [8], This would 
point to involvement of a neuroinfiammatory reaction which 
was already described and is a widely accepted concept in 
neurodegeneration [7]. 

Abnormal accumulation of potential substrates (chon- 
droitin sulfate proteoglycans) for ADAMTS- 1 and 
ADAMTS-5 has been shown in senile plaques of AD: De 
Witt et al. [4] reported that chondroitin-4-suIfate was found 
both in senile plaques and neurofibrillary tangles in AD and 
chondroitin-6-sulfate in neurofibrillary tangles and the area 
around senile plaques. Diaz-Nido et al [5] reviewed and 
proposed a role of several giycosaminoglycans including 
chondroitin sulfate for favoring p-amyloid polymerisation in 
vitro and in vivo and indeed chondroitin and heparan sulfate 
proteoglycans were reported to localize at sites of ^-amyloid 
deposition in brain of patients with AD [2,21] and the 
increase of proteoglycan degrading enzymes may be a me- 
chanism to counteract excess p-amyloid polymerisation and 
deposition in AD and other ncurodegeneraMve disorders [5]. 

Taken together, we have shown the manifold increase of 
metalloproteinase ADAMTS-1 but not ADAMTS-5, both 
encoded on chromosome 21, in brain of patients with 
neurodegeneration. This finding may represent or lead to 



neurodegeneration identifying a marker protein and poten- 
tial pharmaceutical target. 
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Abstract 

Great interest is now devoted to elderly people with memory or other cognitive complaints who are not 
demented. The determination of this impairment from normality is difficult, because memory performance may 
decline slowly along the lifetime of the individual. On the other hand, the identification of dementia depends 
on the criteria used for dementia (DSM-IV or TCD-1 0). Furthermore, cognitive deterioration of the elderly appears 
to be heterogenous and may foreruxi not only Alzheimer's disease but also other forms of dementia. By apply- 
ing a set of criteria for frontotemporal mild cognitive impairment, it was possible to identify, retrospectively, a 
series of patients with behavioral, affective, or speech symptoms suggestive of frontotemporal dysfunction and 
deficits in frontal lobe-dependent neuropsychological tests, but who have maintained activities of daily living 
and are not demented* These patients appear to have a high probability of progressing subsequently to demen- 
tia of the frontotemporal type. Several potential neuroprotective compounds are now being subjected to clini- 
cal trials. Should they be effective in delaying the progression to dementia, the need to detect and treat elderly 
people with cognitive impairment will become very important. 

Index Entries: Mild cognitive impairment; Alzheimer's disease; aging; dementia; age-associated memory 
impairment; age-associated cognitive decline; frontotemporal dementia. 



Introduction 

As a consequence of the aging of the population, 
the number of patients with Alzheimer's disease 
(AD) and other dementias has been growing at an 
ever-increasing rate and will likely continue to 
increase in Western societies (Hebert et al., 2001). 
The concept of dementia implies the existence of 
multiple cognitive deficits sufficiently severe to cause 
impairment in occupational or social functioning, 
and represent a decline from a previously higher 
level of functioning {Diagnostic and Statistical 



Manual [DSM-IV], American Psychiatric Associa- 
tion, 1994). However, many elderly people suffer 
from memory and other cognitive decline that is not 
severe enough to meet the criteria for dementia. 
Several different nosological concepts have 
attempted to describe this impairment in elderly 
people, for example, age-associated memory impair- 
ment (AAMI), mild cognitive impairment (MCI), 
and age-associated cognitive decline (AACD), just 
to mention a few (Ebly et al., 1995; Ritchie and 
Touchon, 2000; Blanchet et al., 2002). Independent 
of the particular concept, these elderly people have 
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the quality of their lives significantly affected, do 
search for medical help and^ very importantly might 
be at high risk for further cognitive deterioration to 
the point of dementia {Petersen et al., 2001b). Any 
neuroprotective therapeutic intervention at this stage 
could have important consequences in the preven- 
tion of subsequent dementia {Petersen et al., 2001 b). 

Certainly the cognitive deterioration of the elderly 
is bound by normality on one side and dementia on 
the other, Unfortimately both boundaries have been 
difficult to establish. 

The Difficulty in Defining 
Normal Memory 

The bou ndary with normality is difficult to define, 
particularly because memory performance declines 
in older subjects (Small et al., 1999b; see also Balota 
et aL, 2000). However, the notion that as people grow 
old (how old?)/ they suffer a precipitous impairment 
in memory might not be correct. In fact, memory 
complaints are also frequent in young adults (Ponds 
et al, 1997). Furthermore, a slow decline in memory 
performance can be demonstrated from young adult- 
hood. We recently stud i ed 100 healthy su bjects, blood 
donors (18-63 yr old, 10.3 ± 5.3 yr of education), who 
performed several neuropsychological tests. These 
included the California Verbal Learning Test (CVLT; 
Delis et al., 1987), which is a very demanding lest 
for declarative memory. There was a slow and steady 
decline in total number of correct responses in the 
CVLT with age. Most interestingly, this descent began 
as early as the tliird decade of life. In a linear regres- 
sion model, memory decline was associated with 
aging but not with other possible variables, namely 
sex, education, depression, anxiety, and the score in 
a subjective memory complaints scale. These results 
emphasize the importance of longitudinal assess- 
ment of cognitive functions and, in particular, 
memory to better understand the decline that 
becomes apparent in the aged. 

The Difficulty in Defining Dementia 

We studied a consecutive series of 897 subjects 
(61.8 ± 10.9 yr old, 54.3% females, 5.3 ± 4.3 yr of edu- 
cation) referred to the Laboratory of Language, 
Faculty of Medicine of Lisbon, with possible cogni- 
tive impairm.ent. These subjects were evaluated for 
the presence of dementia by applying two commonly 
used criteria: one from the DSM-IV (American 
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Psychiatric Association, 1994), and the other from 
the International Classification of EHseases (ICD-10, 
World Health Organization, 1992). Interestingly, 82.6% 
of the subjects were demented according to the DSM- 
IV criteria, and only 63.8% following the ICD-10 cri- 
teria (Guerreiro, 1 998). Concordance between the two 
criteria was good, as they agreed in classifying 81 .3% 
of the subjects. The discordance between the criteria 
was essentially attributable to subjects who were con- 
sidered to be demented with the DSM-IV criteria but 
not with the ICD-10 criteria. The ICD-10 criteria are 
thus more stringent^in diagnosing dementia, essen- 
tially because they require the presence of thinking 
impairment and the presence of symptoms for at least 
6mo (Guerreiro, 1998). That is, the diagnosis of demen- 
tia in a substantial niunber of patients is critically 
dependent on the criteria used to define dementia. 

Cognitive Decline of the Elderly Might 
Correspond to Different Clinical Entities 

Heterogeneity of the cognitive decline in the 

elderly was shown by cluster analysis techniques 
(Yiikoski et al., 1999). Certainly there are different 
clinical situations or, possibly, stages from 
normality all the way along to dementia. Thus, in 
community-based epidemiological studies, about 
40% of people older than 50 have AAMI, that is, 
complaints of memory and an abnormal perfor- 
mance in memory tests when compared to young 
people, although they maintain adequate intellec- 
tual function and show no signs of dementia 
(Koivisto et aL, 1995). A subgroup of these patients 
might correspond to the criteria of MCI, that is, they 
present with memory complaints (preferably cor- 
roborated by an informant), and the neuropsycho- 
logical tests show abnormal memory for age and 
education but normal general cognitive function. 
Importantly, they maintain their activities of daily 
living and are not demented (Petersen et al., 1999). 
In contrast with AAMI, in elderly patients with MCI, 
the memory performance is compared with the 
norms for old, and not young, people. These aged 
people who meet MCI criteria appear to be at high 
risk to deteriorate cognitively. Thus, in a memory 
clinic setting, as many as 80% will actually develop 
dementia, usually AD, in 6 y r fPetersen et al., 2001 a). 
Patients with MCI are also at higher risk for death 
(Beimett et al., 2002). The prognosis of MCI in a 
community setting, however, appears to be less 
consistent and less bleak (Ritchie et al., 2001). 
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In clinical practice, many elderly people have 
deficits not ordy in memory but also in other cogni- 
tive domains as compared with norms for elderly 
people, thus not fulfilling the criteria strictly for MCI 
in the sense of amnesic MCI. They might correspond 
to AACD (Levy, 1 994), which stipulates a decline in 
any area of cognitive function in comparison with 
age-matched controls, or to the more recently pro- 
posed concept of MCI with multiple domains slightly 
impaired (Petersen et al., 2001 a). In one study based 
in the conmnmity, elderly people with AACD, but 
not those with MCI and deficits restricted to memory, 
have a high risk of progression to dementia (Ritchie 
etal.,2001). 

Obviously, the limits and meaning of these clini- 
cal entities are still not entirely dear. A substantial 
amount of data has been recently provided for 
patients with amnesic MCI. However, more must be 
known about the anatomical and pathological cor- 
relates and prognosis of memory complaints in 
elderly people who do not attain the criteria for MCL 
For this purpose, elderly people could be stratified 
from a psychometric (and functional) point of view. 
Some elderly would have a performance in neu- 
ropsychological tests within (or above) the norms 
for young people and no cognitive complaints (they 
would correspond to optimal aging). Others would 
have a less satisfactory performance in neuropsy- 
chological tests but still within the norms for aged 
people, with or without mild cognitive complaints. 

Cognitive Deterioration in the Elderly 
Might Predict a Number of Different 
Neurodegenerative Disorders 

Alzheimer's disease (AD) is the most common 
form of dementia. It is thus expected that most cases 
of MCI that progress would eventually result in the 
diagnosis of AD. However, we would anticipate that 
other forms of neurodegenerative disease, usually 
expressed as a dementia syndrome, should also have 
a more or less insidious prodromal phase before 
dementia. Such would be the case of frontotempo- 
ral dementia and Lewy body dementia, among other 
neurodegenerative disorders (Petersen et al, 2001a). 

We have recently proposed criteria for the diag- 
nosis of mild cognitive /executive impairment (de 
Mendon^a et al., 2002). These criteria are (1) the 
presence of behavioral, affective, or speech symp- 
toms suggestive of frontotemporal dysfunction 
(adapted from the criteria for frontotemporal 
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dementia; The Lund and Manchester Groups, 1 994; 
Neary et ah, 1998) — typically, these patients exhib- 
ited apathy, disinhibilion, irritability and aggres- 
siveness, imtidiness, difficulties in decision maJcing, 
obsessions, and lack of concern for others; (2) a 
deficit in frontal lobe-dependent neuropsycholog- 
ical tests (memory tests might also be affected); 

(3) maintenance of the activities of daily living; 

(4) the absence of dementia; and (5) computed 
tomography or nuclear magnetic resonance (NMR) 
scan normal or showing frontotemporal atrophy. 
Other neurological or psychiatric disorders should 
be excluded by clinical history, brain imaging, and 
laboratory tests. By systematically searching the 
Dementia Clinicsand Laboratory of Languagedata- 
bases, in the Faculty of Medicine of Lisbon, we iden- 
tified 7 subjects retrospectively (61.0 ± 13.0 yr old, 
5 females) who fulfilled these criteria. It Wcis pos- 
sible to follow these patients until the present. Five 
of the 7 patients developed dementia of the fron- 
totemporal type within 1 .6 ± 1 .0 yr. The two patients 
who did not were followed for a shorter period, 
and continued observation will determine if these 
patients will in fact progress to frontotemporal 
dementia. Based on these preliminary findings, the 
sensitivity and specificity of the proposed diag- 
nostic criteria should be determined in a large 
prospective series. 

Exams to Assist in the Diagnosis 

of Cognitive Deterioration in the Elderly 

Several ancillary exams have been proposed to 
aid in the diagnosis of cognitive deterioration and 
specifically to establish the prognosis of elderly 
people with cognitive complaints. 

Neuropsychological examination is necessary to 
establish the profile and the severity of cognitive 
deficits. Different neuropsychological tests have 
been proposed to predict progression to dementia 
but were not in agreement in separate studies 
(Ricker et al, 1991; Tiemey et al., 1996a). Rather 
expectedly, the severity of the memor}^ deficit ( Visser 
et al., 1 999) and the presence of disturbed cognitive 
functions other than memory (Bozoki et al., 2001), 
possibly revealing a more advanced stage of cogni- 
tive impairment^ predict progression to dementia. 
Also, not surprisingly, the presence of biochem- 
ical or genetic markers associated with AD, namely 
high levels of tau and low levels of amyloid p 
(AP42) in cerebrospinal fluid and the presence of 
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the apolipoprotein E (ApoE) e4 genotype, increase 
the probability of progression to dementia (Tierney 
et aL, 1996b; Andreasen et al., 1999). 

Great interest has been raised by the use of NMR 
to detect early changes in brain structures, which 
£ire important for memory functions and are known 
to be affected in AD. Volumetric study of the hippo- 
campus in subjects with MQ detected hippocam- 
pal atrophy, which could, to some extent, predict 
progression to dementia (Jack et al., 1999). Inter- 
estingly, recent data show that hippocampal atro- 
phy correlates with the neuropathologic stage in 
AD (Gosche et al, 2002) but is not specific for AD 
pathology. Atrophy of this brain structure can also 
be found in cogniti vely impaired patients with other 
neurodegenerative disorders (Jack et aL, 2002). 
Several other advanced NMR techniques, includ- 
ing functional NMR (Small et al., 1999a), spec- 
troscopy (Kantarci et aL, 2000), diffusion-weighted 
NMR (Kantarci et al., 2001), and magnetization 
transfer (Kabani et al., 2002; van der Flier et aL, 2002), 
have detected changes in the hippocampus and 
related structures in MCL It is not yet clear whether 
the combination of these NMR techniques might be 
superior in detecting the early changes associated 
with cognitive impairment in the aged. Furthermore, 
the possibility of combining several demographic, 
genetic, neuropsychological, and radiological niark- 
ers has been suggested (Visser etaL, 2002), but again 
the clinical usefulness of this approach remains to 
be established. 

The Importance of Diagnosing Cognitive 
Deterioration in the Elderly 

It is now accepted that patients with MCI should 
be identified and monitored for cognitive and func- 
tional decline because of their increased risk for sub- 
sequent dementia (Petersen et aL, 2001b). 

Cognitive decline in elderly people can have dif- 
ferent causes (Small, 2001). Importantly, a specific 
and treatable cause might be found, for instance, an 
endocrine or \atamin deficiency, cerebrovascular dis- 
ease, sensory deficit, poor cognitive stimulation, 
medications, and depression (Knopman et aL, 2001 ). 
In clinical practice, the identified abnormality may 
not be the main cause responsible for the cognitive 
symptoms as compared with the neurodegenerative 
pathology. Yet detection of the underlying cause is 
still important as it at least contributes to cognitive 
deterioration and is amenable to treatment. 

Today, several compounds are being subjected to 
clinical trials to evaluate their efficacy in preventing 
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or slowing the progression of MQ to dementia (Scorer, 
2001). Should they prove effective, the.detection and 
treatment of mild cognitive decHne in the elderly will 
probably become a public health priority m tl\e near 
future. The very andent and everlasting aim of pro- 
longing youthfulness might now be closer. 
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